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1. Reaction of 1-bromo-l,l-dinitroethane and sodium diethyl malonate in
absolute ethanol at 5-10° yields sodium 1,l1-dinitroethane (77$), tetraethyl
ethane 1,1,2,2-tetracarboxylate (66%) and sodium bromide (100%). Piperidine
and l-chloro-l,l-dinitroethane in anhydrous ether at room temperature react
to give piperidintum 1,i-dinitroetbane (48.6%), piperidinium chloride (20.6%),
l—chloro—1,l-dinitroethane (6.5%, recovery) and unidentified products. It is
concluded that the principal reaction of organic bases with l-halo~-l,6l-2i-
nitroalkanes results in displacement on "positive" halogen rather than on
"positive" nitro groups or ir eliumination of nitrous acid.

2. Homogeneous reaction of silver l,quinitroethane and silver 1,l-di-
nltropropane with ortho-nitrobenzene sulfenyl chloride in acetonitrile at
10-30° results in formation of ortho-nitrophenyl 1,l-dinitroethyl sulfide
and ortho-nitrophenyl 1,l-dinitropropyl sulfide, readily crystallizable
sclids, in excellent ylelds. This reaction, an extension of that of
Kharasch;, 18 excellent for preparing gclid derivatives of 1,l-dinitroalkanes.

o-Nitrobenzenesulfenyl chloride has been found to offer edvantage over 2,h;
dinitrobenzenesulfenyl chloride.

3. l-Methoxy—2-nitrobutene was prepared in 57% yield by reaction of meth—
anol and 2-nitro—l-butene, catalyzed by sodium methoxide; oxidative nitration
of l-methoxy-2-nitrobutane yielded l-methoxy-2,2-dinitrobutane (67%). Ani-
line and 2-nitro—l-butene react to give 2-nitro-l-phenylaminobutane (70%);
2,2-dinitro-l-phenylaminobutane (45%, isolated as the hydrochloride) was
prepared by oxidative nitration of 2-nitro-l-phenylaminobutane. Reaction
of 2-nitro-l-butene and ethanethiol, catalyzed by sodium methoxide, ylelded
ethyl 2-nitro-l-butyl thioether (84%); oxidative nitration of ethyl 2-nitro—
1-butyl thiocether to ethyl 2,2-dinitro-~l-butyl thiocether was unsuccesaful.

Oxidative nitration of 4-nitropentanal and 1,1,1,2,2,3,3-heptafluoro—
S-nitroheptane resulted in 4,4—dinitropentanal (62%) and 1,1,1,2,2,3,3-hept—
afluoro~5,5~dinitroheptane (75%). Reaction of l-bromo-2-phenylethane and
silver nitrite yielded l-nitro—-2-phenylethane; 1,l-dinitro-2-phenylethane
{55%) was prepared by reaction of scdium l-nitro~2-phenylethane, sodium
nitrite and silver nitrate. The physical properties of potassium— cr of
silver 1,l-dinitro—2-phenylethanc have been dctermined, Oxidative nitration
of nitrocyclopentane, 2,2-dimethyl-l-nitropropane and cyclohexylnitromethane
produced dinitrocyclopentane (56%) 2,2-dimethyl-l,l-dinitropropane (56%,
improved yield), and cyclohexyldinitromethane (70%, improved yileld), respect—
ively. Ethyl 3-nitrobutyrate (14$) was synthesized by reaction of eilver

nitrite and cthyl 3-bromobutyrate; ethyl 3,3-dinitrobutyrate (36%) ¥&8 pro-—
duced upon oxidative nitratfon of ethyl 3—-nitrobutyrate.

4, Condensation of nitromethane and fluoral hydrate resulted in 1,1,1-~
trifluorc=J--nitro—2-~propanol (83$); conversion of 1,1,l-trifluoro-3-nitro-
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2-provanol to 3-nitro-l,l,l-trifluoro—2-propyl ecetate was effected in ex—
cellent yield by reaction with acetic anhydride and sulfuric acid. 3,3,3—
Trifluoro—l-nitropropene (47%) was prepared by heating mixtures of phthalic
anhydride and 1,1,l-trifluoro-3-nitro—2-propanol, l-Nitro—2-tririuoromeinyi—
2-propanol (53$5 was obtained upon condensation of nitromethane and 1i,1;l-
trifluorcacetcne in the presence of potassium carbonate,

5. A study hac been made of sclective-reduction of conjugated nitroalkenes
with sodium trimethoxyborohydride in ethyl cther~tetrahydrofuran at 49 to
=70°. The compounds which have been reduced are: (1) l-niircpropene, (£) o-—
nitro-l-butene, (3) 2-nitro—2-butene, (4) omega~nitrostyrene, (5) 4—nito-7—
beptene, (6) 3,3,3-trichloro-l-nitropropenc, (7) 5,5,6,6,7,7,7-heptaflucro-
3-nitro-3-heptenec and (8) 4,4,5,5,5,6,6-heptafluoro~2-nitro-2-hexene. The
products vhich have becen obtained are: (1) l-nitropropane (81.7%) and 2-
methyl-l,3-dinitropentane (11.4%), (2) 2-nitrobutane (45%) and 3-methyl-3,5-—
dinitrohcptane (35%), (3) 2-nitrobutane (62.€%) and 3,4-dimethyl-2,4-dinitro-
hexane {11.4%), (&) i-nitro—2-phenylcthane (38.6%) and 1,3-dinitro-2,4k-di-
phenylbutene {presumably as tvc racemates), (5) 4—nitroheptane (55%), (6)
1,1,1-trichloro-3-nitropropane (44.2%) and 1,1,l-trichlor¢-3,5-dinitro-b-*ri-
chlorometbylpentane (32.1%), (7) 1,1,1,2,2,3,3-heptafluoro-5-nitroheptane
(91%) and (8) 1,1,1,2,2,3,3~heptafluoro-5-nitrohexane (84%), 3-Methyl-3,5-
dinitrobeptane, 1,1,1,2,2,3,3-heptafluoro~5-nitroheptane and 1,1,1,2,2,5,3-
heptafluoro-5-nitrohexane vere further identified as the 2,4-dinitrophenyl—
hydrazones of S-methyl--S-nitro-3-heptanone, 5,5,6,6,7,7,7-heptafluoro3-hept-
ancne and %,4,5,5,6,6,5-heptafiuoro—2-hexancne. 1,3-Dinitrc-2,4—diphenyl~

butane vas prepared also by Michael reaction of omega~nitrostyrene and l-
nitro-2-phenylethare.

4-Nitro-3-beptane was synthcesized by the following sequence: (1) con=—
densation of propanal and l-nitrobutane in sodium hydroxide to yield UY-aitro-
3-heptanol (77%), (2) conversion of b-nitro-3-heptanol to 3-acetoxy-t-nitro-
beptane (89%) by reaction with acetic anhydride, and (3) reaction of 3-—
acetoxy-4-nitroheptane with sodium acetate to give U—-nitro—3-heptene (72.8%).

6. The s:lective-reduction of the carbon—carbon double bond of conjugated
nitroolefins with lithium borohydride ia ethyl ether and tetrshydrofuran has
been investigated at =70 to —60°, The conjugated nitroolefins which have
Yeen studied are: (1) l-nitropropene, (2) 2-nitro-l-butene, (3) 4-nitro-3-
beptene, (4) 3,3,3-trichlorc—l-nitrcpronene, (5) 5,5,6,6,7,7,7-heptafluoro-3—
nitro-3-heptene, and (6) L4,4,5,5,6,6~heptafluoro—2—nitro-2-hexene. The re—
duction products and yields in these systems are: {1) l-nitropropane (49.9%)
and 2-methyl-l,3-dinitropentanc, {2) 2-nitrobutane (59.3%) and 3-methyl-3,5-
dinitroheptane (14.2%), (3) 4-nitroheptane (65%), (4) 1,1,l-trichloro-3-
aitropropanc (48.3%), (5) 1,1,1,2,2,3,3-hcptafluorc-S—pitrcheptane (91%) end
() 1,1,1.2,2,3,3-heptafluoro~S5-nitrohexane (87.5%). The structures of the
reacticn products werec assigned on the bases of quantitative and infrared
analyses, chemical properties, and conversion to appropriate derivatives.

T. A study has been initiated of the effectiveness of lithium aluminum
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hydride for selectively reducing the conjugated carbon—carton double bond of
oc, B-nitroalkenes; the reactions are effected upon addjtion of solutionms of
thi: nitrnole?in in ethyl ether—tetrahvdrofuran to lithive aluminum hydrilc
in ethyl ether-tetrahydrofuren at —70°. Reductior of 3,3,5-trichloru-—i. niiTo—
propene yielded 1,1,1-trichlcro—A-nitropropane (43.8%); reduction of 5,* %.5--

1,7 ,T-heptafluoro-3-nitro-3-heptene gave 1,1,1,2,2,5,3-heptafluoro-5-nitro—
heptane (85.3%).

8. Scdiua borohydride in ethanol has been found to be an effective reioiw~s
for reducing conjugated nitroalkenes to nitroalkanes. D--\rabo-tetraacet > -
l-nitrobexene has been reduced to l-nitro~l,2-dideoxy-i-arebo-hexitol teurs -
acetate in 65.9% yield with sodium bcrohydride—ethancl at 0%, Hetercgen:ui 3
reduction of 5,5,6,6,7,7,7-heptafluoro-3—-nitro-3~-heptene with sodium borH
hydride in ethyl ether-tetrahydrofuran w=s unsuccessful.
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DISCUSSION 1
1. REACTION OF 1-BROMO-1,1-DINITROETHANE AND SODIUM DIETHYL MAIONATE;

FORMATION OF SODIUM 1,1-DINITROETHANE AND TETRAETHYL ETHANE-
1,1,¢ *TETRACARBOXYLATE .

1,1,1-Trinitroethane has been found *o uudergo two general reactionsl
in the presence of bases: (1) elimiration of nitrous acid fronm 1,1,1-
trinitroethane by attack of one equivalent of the base to give 1,1-
dinitroethylene as a possible intermediate (Equaticns 1); subsequent
addition of the base tn "1,1-dinitroethylene” yields the Corresponding
beta-eubstituted derivative of salts of 1,l-dinitroethane, and (2) attack
of the base or 1,1,1-tranitroethane resulting in removal of a "positive
nitro group” and ylelding a sait of 1,l-dinitroethane; subsequent
reaction of the base with the intermediate derived from interaction of
the base and the nitronium group mey result in displaCement to give
nitrite ion and the product derivable from oxidative-Coupling of two of
the basic anions (Equations 2).

R°M' + CH3-C(NO2)3«————— R-H + MYNO2~ +  CHo=C(NO2)2 (1)
R°M* +  CH>2C(NO2)p ~——— R-CHo-C(NO2 )2 M* (1)
R-M* 4+ CH3-C(NO2)s ~ CH5-C(NO2)>™M* +  R-ONO e)
R°M*Y + R-ONO ———» R-R + M*NO,~ (2)

Metal alkoxides,la’b potagsium C};'m]ide,l-c"1 piperidine,lf’h
trimethylamine,lg:h guanidine,lh,i,J end potassiun ethyl malonate,ld’h
react by eliminaticn-adaition according to Equationa 1 to give beta-
alkylated derivatives of 1,1-dinitronitroethane. Potassium 2-nitro-
propane,la potassiuz n-butyl mercaptide,lf butyllithium,lg’i and metallic
hy&roxidesla;b undergo oxidation-reduction of the type of Equations 2.
Attempts to alkylate 1,1,1-trinitroethane with potassium benzyl cyanide
in the presence of ethanolll resulted in formation of potassium 2-ethoxy-
1,1-dinitroethane (Equations 1). Potassium acetylacetonelf reacted
primarily via sequencCe 2 to give potassium 1,1-dinitroethane; however,
evidence was obtained for the formation of 3-acetyl-5,5-dinitro-2-
pentanone in minor amounts. Ambiguous resulits were obtained when
triethylamine was used as the attacking base lf

The study of the reactions of bases and 1,1,l-trinitroethanse has
been sxtonded to l-bromo-~1l,1-dinitroethane snd to 1-Chloro-1,1-dinitro-
ethane., The purposes in the extension of this research are: (1) to
develop new and more Convenient methods for preparatlion of 1,1-dianitro-
ethylene iu situ and of its addition products and (2) to obtain information
ConCerning the bshavior of 1-halo-l,l1-3dinitroethanes toward oxidative-
reductive attaCk Ly various basss. It has bson previcuely reported from
this laboretory 4hat piperidine reacts with l-bromo-1,1-3initroethaneli,J
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in ethyl ether at UC by the oxidation-reduction sequence (analogous to
Rauariona 2) reasulting in dieplacement of brominium ion to give
piperidiniun 1,1-dinitroethane (64.3%), piperidinium bromide (74.T%)
and a high molecular weight product (presumably a trimer) derived from
3,4,5,6-tetrahydropyridine. In the present report from this laboratory
there are described the results of the investigations of reaction of
l-bromo-l,l-dinitrcethane with sodium diethyl malonate and of reaction
of piperidine and 1~Chloro-l,l-diuitroethane.

Reaction of nodium diethyl malonate and l-bromo-l,l-dinitroethane
(Fjuations 3) in absolute ethanol at 5~10° occurs fairly rapidly to give
sodium bromide (100%), sodium 1,1-dinitroethane (77%) and tetraethyl
ethane-1,1,2,2-tetracarboxylate (66%). There was no evidence for a
reaction of the elimination-addition type to give potassium 2-Carbethoxy-
h,h-dinitrobutyrateld:h ag wvas experienCed with potassium diethyl malonate
and 1,1,1~trinitroethane; 1t 1s of interest that attack of the dletnyl
malonate anion on i-bromo-l,l-dinitroethane results in displaCement of
a positive bromine atom rather thanm & pcsitive nitro group. An equation
sequence (Equations 3) which acCounts for formation of sodium bromide,
sodium 1,1-dinitroethane, and tetraethyl ethane-1,1,2,2-tetracarboxylate
1s as follows:

(CoBs-02C-)2CE Na* + BrC(NO2)2-CHs ———n (CoH0C-)2CHBr + Na' =(02N)2C-CHs
(3)

(CoBg~02C-)2CHBr + (CoHg=02C-)2CH"Na? ————a (CoHg-02C-)2CH-HC-(C0,~CoHs )2
+ Na*Br~ (3)

The sodium 1,l-dinit: cethane was identified upon isolation and upon
Conversion to 1,1-dinitroethane; the yleld of sodium 1,l-dinitroethane
produced in these experiments was determined quantitatively by use of
ultraviolet methods. The tetraethyl ethare-1,1,2,2-tetracarboxylate was
identified by its chemical and physical rroperties and by Comparison
with an authentic sample. The yield of sodium bromida was determined
quantitatively by conversion to silver bromide., Attempte were made to
isolste diethyl bromomalonate, a suspected intermediate in the Coupling
reaction; however, it could not be detected under the conditioms of the
experiments. On the bagis of the results of the experiments of reactions
of plperidine and sodium diethyl malonate with l-bromo-l,l-dinitroethane,
it is predicted that the primcipal reactions of l-bromo-1,l-dinitroethane
with bases will result iv removal of positive bromins by weChazisaus of
the displacement type and that l-bromo~l,l-diuvitroethene does not offer
the promise as does 1,1,1-trinitroethane for producing 1,1-dinitroethylene
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2. REACTIOR OF PIPERIDINE AND 1-CHIORO-1,1-DINITROETHANE; FORMATION OF

DYIPOINTNITM 1 1_DINITRORTHANE AND PTPRRIDTNTUM CRIORIDE.

It has been previously found that piperidinelf,B reacts with
1,1,1-trinitroethane by elimination-addition to yield N-(2,2-dinitroethyl)-
piperidine and piperidinium nitrite, whereas reaction of piperidiuwe with
1-bromo-1,1-d1nitroethanel »d occurs by displacement on bromine to give
piperidinium 1,1-dinitroethane, piperidinium bromide and 3,%,5,6-
tetrahydropyridine (temt.). In an effort to develop new and more
Convenient methods for preparing "1,1-dinitroethylene” in situ and
also to Compare the general reactions - of 1-halo-1,1-dinitrcalkanes toward
bases with those of 1,1;l-trinitroethane, the reactions of piperidine
and 1-Chloro-1,l-dinitroethane have been investigated.

l-Chloro-l,l-dinitroethan32 was prepared by reaction of Chlorine
and sodium 1,1-3dinitroethane. ReaCtion of 1l-Chloro-1l,l-dinitroethane
with piperidine in anhydrous ethyl ether occurred slowly (Equations 4)
at room temperature to give piperidinium 1,1-dinitroethane ?ﬁB.G% yield),
piperidinium chloride (20.6% yield), l-Chloro-l,l-dinitroethane (6.5% yield),
and unidentified products (presumably derived from Chlorination and
dehydrochlorination of piperidine); N~(2,2-dinitroethyl)-piperidine, the
product expected from elimination-addition, was not obtained from this
reaCtion,

CH,— : CE>
N a2
3 CKC,,( D{ + C1C(NO2)2-CHy ————> OK % 2 (02N)2C-CHy

CH2~—CEa

+°K /ﬁnzCi & B p (&)
CB—CH z-c/

Piperidinium 1,1-dinitroethane was deteCted and determined quantitatively
by ultra-violet speCtrophotometric methods; the salt was also Compared
with an authentic sample prepared by reaction of piperidine and 1,l-dinitro-
ethane, The yield cf piperidinium chloride was asCertained from the
vater-soluble products by precipitation of the Chlcride ion as silver
chloride. Tt is to be concluded from this experiment ar well as those
with l-bromo-1,1-dinitroethane that reaction of l-halo-1,1-dinitroethanes
with apprupriate btases involve attack on halogen rather than elimination
of hydrogen haiide (or of nitrous acida) to give 1,i-dinitroethylene {or
l-Chlero-l-nitroethylene) or its subsequent adducts. Further studies
of this apparent generalizatimn with l-halo-l,l-dinitroethanes are now
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s DISPLACEMEET REACTIONS OF SILVER SALTS OF 1,1-DINITROETHANE AND OF
l-DINITROPROPAN? WITE ORTHO-NITROBENZENE_SULFENYL CHLORIDE.

SYNTHESIS OF ORTBO-NITROFHEWYL 1 1-DINITROETAYL & SULF.iDE AND OETHO~

NITROPHENYL 1, 1-DINTTROPROP{], SULF1DE.

ReaCtion of alkyl halides with metallic ealts of mononitroalkanee5
may reault in Carbon-alkylation to yield substituted mononitroelkanes
or in o en-alkylation to give nitronic esters or their deComposition
products (oximes and carbonyl Compounds); in general, the princCipal
regcticn 1s that involving attack on oxygen. On the other hand, salts
of monogitroalkanee undergo rapid displacement reactions with aryldiazonium
halides” or with arylsulfeayl halides to give the carbon-dlikylated

derivatives, arylazonitroelkenes and aryl nitroelkyl sulfides, in good
yields.

Upon studying displacement reaCtions of alkyl halides with electro-
valent salts of 1,1-dinitroalkanes, it has teen found that there are
Certain similerities in results with those obtained from saits of
mononitroalkanes and alkyl halides in that the principal reaction is one
involving oxygen-alkylation; the minor reaction is that in which asub-
etituted gggrdinitroa kan 8 are formed. In using Covalent salts of

l-dinitroelkanea suCh as silver 1,l-dinitroethane hetercgeneouely
or in solution in acetonitrile, it was found that carbon-alkylation could
be enhanCed; however, the reaction gave little promise ae an exCellent
method for preparing substituted gem-dinitrocalkenes. As part of a
general program for developing new Carbon-slkylation reactions of salts
of 1,1-dinitroelkanes, as part of a study of the structural natures of
cations which effect selectivity in carbon-alkylation cf nitronate ionms,
and as part of a general study for developing methods for prepering solid
derivatives of 1,1-dinitroalkenes, a study has been initiated of the
displacement reactions of benzenesulfenyl halides and of aryldiazonium
halides with salts of 1,1-dinitroalkanes. The results of the present
studies of reactions of ortho-nitrobenzenesulfenyl Chloride with silver
1,1-dinitrocethane and with silver 1;l-dinitropropane are now reported,

Reactions of silver 1,1-dinitroethene and silver 1,l1-dinitropropane
in acetonitrile (homogeneous) with ortho-nitrobenzenesulfenyl chloride
ocCurs almost instantaneously to yield ortho-nitrophenyl 1,1-dinitroethyl
sulfide (Equation 5) and ortho-nitrophenyl 1,1-dinitropropyl sulfide
along with silver chleride, The products of reaction are stable solids

0~0,N~CgH,~SC1 + Ag{0oN),0=CHy =—=— 0-0,N-CgH,~S-C{NO,),~CHy + AgCl

-~
\n
s

and are readily crystallized; they serve as exCellent solid derivatives

of 1,l-dinitroalkanes. The proofs of structure of these Compounds have

not yet been Completed, but, on the basis of the previous establishments
of structure of silimar derivatives prepared from mononitroalkanest®
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it seems quite likely that the derivatives obtained from 1,1-dinitroalkanes
Aare true arvl 1,1-diritroalkyl sulfides.

’~r—/‘
it

4, BTUDIES OF OXIDATIVE-NITRATION OF SUBSTITUTED MONONI'TROALKANES;
PREPARATIOR OF J.- X¥=242-C11 RQE?TANE 2,2-DINITRO-1-PHENY LAMINO~
BUTANE; wDINITROFENTANALlfl FLUORO—-5, 5=DI-

= 1-Dmmo-2-rmrwrmm mn. DINITROBUI'YPATE,
DINITROCY : Immommm A )
g@-DM'KYL—l,l-DINITROPROPANE

Studies of the sCope of oxidative-nitrationld'i’2’6 of primery and
seCondary mononitroalkanes have been Continued. It is the purpose of
the present researCh to determine the effects of various funCtiomal
groups on the Course ard on the efficienCy of the oxidative-nitration
reaction; it is also expeCted to obtalin further informetion concCerning
the Chemical and physical properties of substituted gem-dinitroalkanes,

gn been previously demonstrated that non-branched 2-nitro-l-
alkanole and 3-nitro-2-butanol®,7 mAy be converted to 2,2-dinitro-1-
alkanols and 3,3-dinitro-2-butanocl dy careful yse of oxidative-nitration
teChniques. It has also been found previocusly’ that eleCtronegatively-
substituted ore{,S-systems suCh as methyl nitroaCetate, nitroacetonitrile,
nitroacetone, and 3-nitropropene are not Converted into the Corresponding
gem-dinitroalkanes by oxidative-nitration methods. In order to obtain
further information ConCerning the possibility of nitrating other types

of nitroalkanes which are substituted in the beta-position with functional
grouria, & study hes been made of oxidative-nitration of l-methoxy-2-
ultrobutane, 2-nitro-l-phenylaminobutane, and ethyl 2-rnitro-l-butyl
thioether.

1-Methoxy+2-nitrobutane (Equations 6) was prepered in 57% yield by
addition of methanol and 2-nitro-l-butene at room temperature in the
presencte of sodium methoxide. Reaction of l-methoxy-2-nitrobutane with
sodium hydroxide in water-methanoi at 0° and puvsequent trsatment of the
reaCtion mixture with sodium nitrite and silver nitrate gave l-methoxy-2,-
2-dinitrobutane as a stable 1iquid in 87% yield. The aesignment of
structure of l-methoxy-2,2~dinitrobutane was based on ite quantitetive and
infrared analyses, its molar refraction, and its Chemical and physical
proverties.

e

Cﬂs-cﬂa-C(N()a )305 %303,“80%:—37_ 3-%3-03(1702 )Cﬂ,g -OCH3 HCLF———,-

é

5T% 2) ag*,no, 5

3

CB4-CB2 -C(NO2 )2-CB,~0CH, (6) g
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2-Nitro-l-phenylamincbutane (Equations 7) was synthesized by

reaCtion of 2-nitro-l-butene and euniline at temperatures below 30°;
the initial adduct was best 1solated as the crystalline hydrocChloride.
Reaction of 2-nitro-l-phenylamincbutane hydroChloride with dilute
sodium Cerbonate and subsequent distillation gave pure 2-nitro-l=-
phenylrmincbutane in 70% yleld. The identity of 2-nitro-l-phenylamino-
butane wae established from its analysis, from its infrared specCtrum,
from its moleCular refraction, and from its reaction with hydrogen Chloride,
Oxidative-nitratior of 2-nitro-l-vhenylaminobutane was effected
satisfactorily *o yield 2,2-dinitro-l-phenylamincbutane (45% yield);

the 2,2-dinitro-l-phenylaminobutane was isolated, purified, analyzed; and
identified as 2,2-dinitro-l-phenylaminobutane hydrocChloride.

, HoN- 1) o3 NO.
CHp-CB-C(N02 )208, P25 | o on —Ohiog ~Ofip -NE<Cois e )
c* 2) HC1,45%
Cﬂs-cﬁz~C(N02)2-032-ﬁ32-ceﬂs C1- (1)

Fthyl 2-nitro-1l-butyl thiocether (Equations 8) was obtained in 84%
yield from ocddition of ethanethiol to 2-nitro-l-butene in methanol,
Catalyzed by sodium methoxide. The quantitative and infrared anelyses
of the thiocether are in agreement with the struCture proposed for the
adduct. Attempts to effect oxidative-nitration of ethyl 2-nitro-l-butyl
thiocether to ethyl 2,2-dinltreo-l-butyl thicether, as yet, have all been
unguccessful, Silver depoeition oCCurs as in the usual oxidative-
nitration reaction; however, the princCipal product of reaction 1s
2-nitro-l-butene. The formation of 2-nitro-l-butene is not due to base-
catalyzed deComposition of salts of othyl 2-nitro-l-butyl thioether; it
is apparent that the 2-nitro-l-butene 18 formed during the oxidation-
reduction steps. Further stulis of systems of this type are in progress.

HS-CH,-CHA 1) OH-

CR3-CRz-C(N02 )=CH, > CHa-CH,-CHNO5-CB>-S-CH,-CHy —
8ug 2) Ag*,NOo"
CHa-CH2-C(NO2)=CH, + CH3-CHp-S-S-CH>-CHa (8)

The oxidative-nitration reaCtion of L-nitro-l-pentanal has been
investigated io order to determine 1f oxldative-nitraticnz mey be effeCted
selectively in nitro Compounds Conteining aldehyde groups; in general,
aldehydes are converted to their corresponding carboxylic acids upon
reaCtion wvith silver oxidonts. It has now been found that oxidative-

nitration of L-nitropentanal may be effected et 0° to give 4,4-dinitro-
pentanal (Equation 9) in 62% yield; 4,L-dinitropeatanal”’ was charaCterized
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an its aem1Carbazone9 and its p-nitrophenylhydrazone.9 7
1) cE-
CHa-CHNO2 -CH2 ~-CH2 -CH=0 A et CH3-C(NO2 )2-CBo-CH-CE=0 (9)
2) Ag’,No2

The oxidative-nitration reaCtion has been extended to the preparaticn
of highly fluorinated gem-dinitroalkanes. 1,1,1,2,2,3,3-HEeptailuoro~3-
nitroheptane was prepared by reduction of 5,5,6,6,7,7,T-heptafluoro-3-
nitro-3-heptené with various Complex hydridesio; oxidative nitration
gave 1,1,1,2,2,3,3-heptafluoro-5,5~dinitroheptane as a stable Colorless
liquid in 75% yield. The dinitroheptafluorcheptane was identified by
its quantitative ard infrared analyses and its Chemical and physical
properties,

1) om-
CF3-CFp~CFp~CH~CH(NO, ) -CHo -CHa ) —— CF3~CFp-CF--CH2 -C (N0 )2 -CHo -CH5
2) Ag*,NO2"

(10)

The oxidative-nitration reaCtion has been extended to l-nitro-2-
phenylethane, nitrocyClopentane, and ethyl 3-nitrobutyrate; improved
procedures have been developed for preparation of cyClohexyldinitro-
methane and for 2,2-dimethyl-1,l-dinitroprcpane. 1l-Nitro-2-phenylethane
was prepared in hﬁ$ yield from silver nitrite and l-bromo-2-phenylethane;
its conversion to 1,1-dinitro-2-phenylethane was effected in 55% yield.
1,1-Dinitro-2-phenylethane, a crystalline solid, was identified by its
quantitative and infrared analyses; it wns Characterized as its potassium
and silver salts (the properties of these salts have been determined).
Oxidative-nitration of nitrocyClopentane occurs rapidly to give dinitro-
cyclopentene in 56% yield. Ethyl J-nitrohutyrate (Eguations 11) was
synthesized by reaction of silver nitrite and ethyl 3-bromobutyrate
(25%); 1t 1s quite difficult to remove all nitrite and nitrate impurities
in systems of this type, however, the ethyl 3-nitrobutyrate could be
isolated in analytical purity by repeated rectification of the reaction
product. Ethyl 3,3-dinitrobutyrate was obtained in 36% yield by oxidative-
nitration of ethyl 3-nitrobutyrate in aqueous methanol; the dinitro
ester is a stable 1liquid which can be readily purified by distillation.

%3‘%?‘%-%2-0235 __QMO_Z_,_ C,BS_CHN%_CHZ_C()ZczHS 1) 0] g )
2) Ag*,NO"

CH3=C(NO2 )2 ~CB2-C02-CoHs (11)
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PREPARATION AND STUDIES OF PQLYFLUOROPOLYNITROALKANES, SYNTHESIS OF 1,1,1-

TRIFLUORO=3~NITRO—~2~YROPANOL, 3,3 ,3—LRLELUORU~L-NITHUOPKUFENE, ARD . i~NITHo-
2~IRIFLUOROMETHYL~2~PROEANOL. . .. ... ... ... ..... AT ;

wn

A program has been initiated of gynthesis of 1,1,1-trifluoro-%,3~dinitro-
propene, 1,1,1,2,2,3,3-heptafluoro-5,5~dinitropentane, 1,1,l1-trifluoro-2-
nethyl-3,3-dinitropropane, 1,1,l1-trifluoro-2,2—~dimethyl-5,5-dinitroethane,
and 2 2—bis—(tr1f1uoromethy15-1 l-dinitropropane. The purpose of this study
is, (1) tc extend the oxidative-nitration reaction to the preparation of
highly fluorinated polymitroalkanes, (2) to obtain general information con—
cerning the thermal and explosive properties of polyfluoropolynitroalkanes,
and (3) to determine the ionization constants of fluorinated 1,l-dinitro-
alkanes and the ultraviolet spcctra and solubilities of their potasaium
salts; it is believed that decisive results might be obtained from this study
vhich will substantiate the hypothesisli that there is limited resonance
stabilization in anions derived from highly hindered 1,1-dinitroalkanes.

In the present study there 1s reported the synthesis of 1,1,l-trifluoro—
3=-nitro-2-propanol, 3,3 ,3-~trifluoro—-l-nitropropene and l-nitro—2-trifluoro-
wethyl-2-propancl. Cook, et allo have previously prepared 1,l,l-trifluoro-
3=-nitro—2-propanol in hT% yield by condensation of tbifluoroacetaldehyde and
nitromethane (Equation 12). In the present study, condensation of nitro—
methane and trifluorocacetaldehyde in the presence of ypotassium carbonate to
give 1,1,l-trifluoro~3—nitro—2-propancl has been effected in 81% yield; the
improved procadure results from using nitromethane and trifluoroacetaldehyde
in 8 mole ratio. 3 to 1. 1,1,1-Trifluoro-3—-nitro-2-propancl was converted to
3,3,3—tr1fluu;o-l—niuropropene (Equation 12) in 47% yield upon being heated
at 140° with phthalic anhydride; atiempts to prepare 3,3,3-trifluoro-l-nitro-
propene by reaction of suvdium carbonmate and 1,1,l-trifluoro-3-nitro~2-propyl
acetate, prepared fror acetic anhydride and 1,1,1—tr1f1uoro-§-n1tro—2—pro-
panol, were unsuccessful,

CF3-CHO + CHa-NO, _1'53%9«_; CF3~CHOH-CHoNO, 23%9:._, CF3-CH=CHNO, + H,0 (12)

Condensation of nitromethane and 1,1,l-trifluoroacetone (mole ratio 34.1-~
1) in the presence of anhydrous potassium carbonate results in formation of 1-
nitrc—2-trifluoromethyl-2-propanol (Eguation 13) in 53% yield. Complete re-~
sults of the conversions of l-nitro-2-trifluoromethyl-—2-propanocl to l-nitro-
2-u: ifluoronethyl-l-propene will be summarized in a subsequent report.

CF3-CO—CHa + CH3~NO; Na5§o > CFa—(H3C)COH-CHZNO, (13)

6. SELECTIVE REDUCTION OF CONJUGATED NITROOLEFINS WITH LITHIUM BORCHYDRIDE,
NITRCALKANES... . .. .. -. .

P S S P R T U B

It has been previously reportedli’limat the conjugated double bond of the
nitroolefins: l-nitropropene, 2-mcthyl-l-nitropropene, 2-nitro-l-butene:and
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omege~nitrostyrene can be selectively reduced by lithium borohydride in ethyl
ether-tetrahydrofuran at -40 to ~70° {Equation 1b and 15). The resaction

"URR'C=CR"NO, + LiBH, —=> [RR'CH-CR"=N0_],BL1i {14)
{RR'CH~CR"=N0, J4BL1 + CH3-CO;E + 3Hp0 ——> LRR'CH--HCR"NC, + HaBOg + CHgz-+'C Li (15.

is complicated by consecutive processes of the Michael type in which thc »rc-
duction product adds to the initial conjugeted nitroolefin to yield the cov-
respcnding 1,3-dinitroalkanes (Equation 16). It hes been found, howeve™.

RR'CH-R"C(NO2)™ + RR'C=CR"NO- -—{7 RRICH~R"C (NO2 ) -RR‘C-R"C(NO; )~ B
that reduction may be effected satisfactorily, with respect to speed and ccii-
pletion of reaction and tc minimization of consecutivce Micheel addition, hv
2dd2ng the nitrcolefin to 100 per cent excess of reducing agent at controllied
temperatures., On the basis of the results obtained, it is suggeated that
gteric factors become greatly increcased as each nitronate ion becomes com—
plexed with the borohydride ion and thus the reducing potential of the

specics formed, trialkylnitronatoborohydride and dialkylnitronatoborohydride
ions, arc greatly diminished.

Herein are reported the final completed experimem;sl‘j for reduction of
l-nitropropene and 2-nitrc—l-butenc with lithium borohyaride. The reductione
cf b-nitro-3-heptene, 3,3,3~trichloro--l-nitrcpropene, 4,4,5,5,6,6,6-hepta~
fluoro=-2-nitro~2-hexene and 5 ,5,6 ,6,7,7,T-heptafluoro-3—~nitro-3-hcptene have
also been conducted to give the correspending saturated nitroalkanes in 65 b
85, 87.8 and 91%.yields, respectively. It is apparent that reduction of the
fluorinated nitroolefins is facilitated by the inductive effect of the per—
fluoroalkyl groups. The reduction products were identified by their physical
constants, infrared spectra; and by conversion tc the corresponding carbonyl
compounds via thc Nef reaction and thenis to their 2,4-dinitrophenylhydra-—
zones. It has been previously reported™™ that fluorinated nitroalkanes do
not undergo Nef reactions to yiecld perfluoroaslkyl slkyl ketones; it 1s of
importance that under the conditicns used in the present investigaticn 1,i;l-
2,2,3,3~-heptaflucro~5-nitrohexane and 1,1,1,2,2,3,5~heptafluoro~j-nitrohep—
tanc are converted to 4,b4,5,5,6,6,6-heptafluoro~2-hexanone and 5,5,6,6,7,7,7-
beptafluoro—3-heptanone, respccitively, under the conditions of thc Nef re—~
action,

b-Nitro-3-hcptene, a new compound, wvas synthesized by the following
scquence: (1) condensation of propanal and l-nitrobutane in the prcsence of
sodium hydrcxide gave 4-nitro—3-hcptanol (77%), (2) rcaction of h-nitro-3-
heptanol with acetic anhydride yielded 3—acctoxy-l-nitroheptane (89%); and
(3) conversion of 3-acetoxy-l—nitroheptane to b--nitro-3-heptenc, cffeccted by
sodium acetate in 73% yield. Rcdiction of 4-nitro-3-heptene, a relatively
hindered nitrcalkenc, has demonsirated the importance of keeping the temper—
aturc of rcaction below 0°; reduction at 0° gave, in additicn to 4-nitrohep~
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tane (45%), a complex mixture (20%) which exhibited infrared absorption for
bydroxyl and azine groups. It is apparent that reduction of the nitro group,
possibly to an oxime, & bhydroxylamine, or &n amine, has been effected; further
study of this reaction is 4in progress.

7: SELECTIVE REDUCTION OF CONJUGATED NITROOLEFINS WITH SODIUM TRIMETHOXY-
; NITROALKANES, : . .

Selective reduction of the carbon—carbon double bond of the conjugated
nitroolefins: l-nitropropene, 2-methyl—l-nitropropene, 2-nitro-l-butene and
2-nitro-2-butene with sodium trimethoxyborohydride in ethyl ether—-tetrahydro—
furan has been reported previously from this laboratory.v The reduction pro-—
ceeds by hydride transfer according to Equations 17 and 18; a secondary re—
action occurs by addition of the anion of the reduced product to the nitro-

olefin to yield the corresponding 1,3-dinitroalkane (Eguation 19, Michael
addition).

RR'C=CR"NO, + NaBH(OCHs)}a —~ RR'CH-CR"NOzNa + (CH30)aB (17)

RR'CH-CR"NO,Na + H* RR'CH-CHR"NO, + Na* (18)

RR'CH-CR" (NO3)=~ + RR'C=CR"NO, —> RR'CH-CR"(NO2)-CRR'—CR"(NO2)~ (19)

Herein are reported the final experiments for reduction of l-nitropropene
and 2-nitro-l-butenec. It is also repcrted that extension of the reduction re-
action to cmega-nitrostyrene, 4-nitro-3-heptene, 4,4,5,5,6,6,6-heptafluoro-2-
nitro-2-hexene, 5,5,6,6,7,7, 7—heptarluoro~5—mitro~5—heptene and 3,3, j—trichloro—
l-nitropropene yields the corresponding saturated nitroalkanes in x8 LT
8k, 91 and 44.2% yields, respectively. Reduction of omega-nitrostyrene re—
sults in formation, along with l-nitro—2-phenylethane, of 1,3-dinitro-2,4-
diphenylbutane (temt,) as two racemates. Structures of these two racemates
are based on their quantitative analyses, their chemical, vhysical and infra-
red properties and upon synthesis of one of the racemates by base-—catalyzed
addition of l-nitro-2-phenylethane to ouwega-nitrostyrene.

Reduction of 4—nitro-3-heptane with sodium trimethoxyborohydride proceeds
very slowly even et 0° uind .as accompanied by forwation of an amine {unidenti-
fied) and a carbonyl compound (unidentified). Purification of the 4-nitrohep—~
tane may be accomplished with little difficulty, however, by distillation at
reduced pressures. The relative resistance of 4~nitro-3-heptene to reduction
may be attributed to possible steric factors involving the complex nitroole—
fin and the hindered trimethoxyborohydride ion.

The reduction of 4,4,5,5,6,6,6~heptafluoro—2-nitro~2-hexene and 5,5,6,6,7-
T,T-heptafluoro=-3-nitro—3-heptene occurs vith rapidity and in high yields; the
enagse of reduction of these fluorinated nitroolefins can be asgociated with their
relatively electron-deficient carbon-carbon dcuble bonds. The structures of
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1,1.1,2,2,3,3-heptafluoro=5-nitronexane amd 1,1,1,2,2,3,3-heptafluoro-S-nitro~
heptane were agsigned on the bases of their physical canstants and upon con-
version to the 2,4-dinitrophenylhydrazones of 4,4,5,5,6,6,6-heptafluoro-2-
hexanone and 5,5,6,6,7,7,7-heptafluoro~3-heptanone, respectively, HReduction

of 3,3,3-trichloro~l-nitropropene is effected without displacement of allylic
chlorine; the Michael addition product 1,l,l-trichloro-3,5-dinitro-li—=trichloro-
methylpentane is also formed in 32.1% yield. The structures of 1,l,l-trichloro-
3-nitropropanc and 1,1,i~trichloro—3,5-dinitro~l~trichloromethylpentane were
based on quantitative analyses and infrared spectra.

8. SELECTIVE REDUCTION OF CONJUGATED NITROOLEFINS WITH LITHIUM ALUMINUM
HYDRIDE, .NITROALKANES, .

......

It has bcen reported recently by Gildorf and N &u'that 2-nitro-l-phenyl—
l-propene and omega-nitrostyrene and by Cook, et al that 4,4,5,5,6,6,6~
heptafluorc—2-nitro—-2-hexene and 5,5,6,6,7, 7,7—heptafluoro—B—nitro—}—heptene
may be reduced to the corresponding saturated nitro compounds with lithium
aluminum hydride at -40 to =50°, The procedure used in their studies is that
of addition of lithiuw aluminum hydride to the conjugated nitroalkenes. Since
it has been found in the prcsent studies that a successive reaction occurring
in the reduction system is addition of the reduced product to unreduced nitro—
alkanc, an investigation has been made of the reduction of 5,5,6,6,7,7,7—
heptafluoro-3~nitro—3-heptene and 3,3,3-trichloro-l-nitropropene with lithium
aluminum hydride at -55°. The crder cf addition of reagents in the present
experiments is that of conjugated nitroalkene to .lithium sluminum hydride.

It has .becn found .that .reduction occurs efficiently to.give 1,1,1,2,2,3,3~
heptafluoro=5-nitroheptane and 1,1,l1-trichloro-3-nitropropane in 85 3 and

Lh% yields, respectively. It is believed that the procedures of the present
research are more satisfactory than those previously reported in that the
competing Michael addition reactions yielding 1,3-dinitrcalkanes are minimized
or avoided. Additional studies of reduction of conjugated nitroalkenes with

lithiun aluminum hydride are in progress to illustrate the value of this
wethod.

9. SELECTIVE REDUCTION OF CONJUGATED NITROOLEFINS WITH SODIUM BOROHYDRIDE,
NITROALKANES, . i =

o - P

A study has been initiated to determine the possible use of scdium boro-—
hydride fur selectively reducing the carbon-carbon dcuble bond of conjugated
nitroalkenes. An attewpt tc reduce S 5,6,6 1,7, 7-heptafluoro=3—nitro=3—
heptene with sodium borohydride in ethyl ether-tctrahydrofuran at 659 was
insuccessful; the initisl meterial was recovered. It was ccncluded that the i
solubility of sodium borohydride in tetrahydrofuran—ethyl ether is not suffi-
cient for rapid reduction to be effected. Siudies have therefore been made to ]
determine the utility of sodiun borohydrdde in absolute ethanol as a reducing
agent. It has thus been found that the carbohydrate derivative, D-arabo-
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tetrascetoxy-l~nitro—l-hexene, upon reduction with sodium borohydride at 092 in
absolute etbanol, gave l-nitro-l1,2-dideoxy-D-arabo-hexitol tetraascetate in

63.96 yield upon acidification with urea-acetic acid. The general stoic—
hiometric relations of tnis reduction reaction are (Equations 20 and 21):

12

LRR'C=CR"NO, + RaBH, —> [RR'CH-CR"(NOz)].BNa (20)
[RR'CH-CR" (NO, ) )yBNa + CHa—CO-H + 3Hz0 —> RR'CH-CHR"NOp + CHy~CONa + HaBOy (21!

The possible further advantagecus use of sodium trimethoxyborohydride as a
reducing agent for conjugated nitrocolefins is being investigated.
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Experimantal

1. REACTIO¥ OF 1-BROMO-~1,1-DINITROETHANE AND SODIUM DIE™ IL MALONATE}
FORSATIOF OF SODIWM 1.1-DINITROETHANE ARC TETRAETHYL ETHANE-1.1.2.2-

TETEKCARBO!!IAEE.

A solution of sodium diethyl malonate (0.20 mole) was prepared by
adding diethyl malonate (32.06 g., 0.20 mole) to socdium ethoxide (prepared
from 4.60 g., 0.20 gm., atom of scdium) in absolute ethanol (220 ml.).
1-Brono-1,1-dinitroethane (19.9 g., 0.10 mole) was then added dropwise in
one hour to the cold (5-10°), stirred solution of ethsnolic sodium diethyl
maelonate. A yelidw precipitate formed almost immedistely upon eddition,
The mixture wvas stirred at room temperature for 20 hours and them poured
1into a beaker and stirred with dry etner (400 ml.) to precipitate the
insoluble sodium salts. The suspension was then filtered; the precipitate
was vashed vith ether and dried. The initial precipitate (Ppt. I) wes
composed of pale-yellow sidlts and weighed 21.5 g. The filtrate from Ppt. I
was evaporated nearly to dryness (crystals separated); addition of dry
ether (300 ul.) gave a second crop of sodium salts (pale-yellow) weighing
3.7 g. (Ppt. II).

The filtrate from Ppt., II was evaporated to one-fifth its volume and
then diluted with Skellysolve F (50 ml.) A pale-yellow imsoluble priduct
(Ppt. III) was obtained, end then filtered, washed with ether-Skellysolve F
(1:5) and dried; the product was identified as tetraethyl ethame-1,1,2,2-
tetracarboxylate !m,i; 215:’1521; 1§.§ E., 02'53 'xield. Recrystallizeation
of the tetraethyl ethane-i,i,2,2-tetracarboxylate from absolute ethanol
raised its melting point to Th.5-75.5°, An authentic specimen melted at
T4.5-75°; the mixed m.p. was Th,5-75.5°. The filtrate was stripped of
solvents undsr vacuum to leave a residue weighing 10.8 g.

Apal, of . It A 10,00 g. aligquot of Ppt. I was dissolved in water
(130 m1.J. Aqueous silver nitrate (17 g. in 50 ml. of water) was added to
tuis solution, A mixture of silver salts was obtained which wvas filtered
and vashed vith water (crude weight, 13.8 g.). The salts were suspended
ia 50% aquecus ethanocl (100 ml.) and treated with SN nitric acid (50 ml.)
€0 dissolve the precipitated silver 1,l-dinitroethane. The remaining salt
wvas filtered, washed with water, ethanol and ether and dried in an oven
at 120° for 3 hours. GSiiver bromide (7.83 g.) was _recovered. This corresponds
to 4,29 g, of sodium bromide in the aliquot and 9.1k g. in the original salt.

-,

A sample of Ppt. I (0.01581 g./1. 10°3N acdiur hydroxide) was analyzed
by ultraviolet methode to determine its sodium 1,1-dinitroethane content.
The sodium 1,1-dinitroethane content wes found to be 39,74 of ths waight of
s==ple and corresponds 45 8,52 g, of sodium 1,l-dinitroethans in the

original precipitate.

Anal, of Ppt. II: The mixed salte in Ppt. II were analyzed in the same
manner as desCribed for Ppt. I. The woight of sodium bromide was found to
be 1,21 g, t of sodium 1,1-dinitrcethans vas 1.15 g. In addition
to these salts, 0,15 g. of impure tetraethylethane-1,1,2,2-tetrecarboxylate
(.on 67“680) vas isolated,
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Apal, of Residue: An aliquot (1.5813 g., 0.0131 mole if all 1,1-
dinitroathane) of the residve from Pnt. IIT was dissolved in ethanol (8 mi,)
and added to sodium hydroxide (4.0 g., 0.10 mole) in water (40 ml.) at
room temperature. The solution of salts was diluted with 40% aquecus ethanol
to one liter and then rediluted with water at a ratio of 1:100, The mixture
was analyzed by ultravioiet methods; its Fgax a8t 379-331 wu was found to be
0.372 (4 = 1.00). From this data, the residue was found to contain 17.4%
or 1,88 g. of 1,l-dinitroethane,

An aliquot portion of the residve (5.00 g.) was vacuum distilled to
remove the 1,l-dinitroethans and any free die.hyl malonate that might be
present, A fraction distilling at 59-68° (4.5~5 mm.) and weighing 1.75 g.
vas obtained., The infrared spectrum showed that the gem-dinitro ani ester
groups were pres2nt in about equal intensity. The composition was determined
to be 52 mole percent diethyl malonaté and 48 mole percent 1,l1-dinitroethane.
Thus, 1.55 g. of 1,;l-dinitroethane and 2.23 g. cf diethyl malonate could be
isolated from the entire residue (compare the value of 1.88 g. of 1.1~
dinitroethane obtained from ultraviolet analysis). The distillation residus
vas dissolved in absolute ethanol (ca. 2 ml.) and Skellysolve F (5 ml.) was
added, Upon cooling the mixture in & Dry Ice chest and then filtering
1.06 g. of impure tetraethyl cthame-l,l,2,2-tetracarboxylate (m.p. k6—58°)
vas 1solated. The non-Crystallizable residue ( ¢ 1,4402; infrared spectrum
showed the presence of ester groups) weighed 2.0L g.

The reaction of l-bromo-1l,l-dinitroetuhsne and sodium diethyl malonate
is surmarized: the yleld of 1,l-dinitroethaue !all_fractiona! was 7153

the Ccombined yisld of tetraethyl ethanme-1,1,2,2-tcirecarboxylate was 66%;
the recovery of sodium bromide was 1008,

2. REACTION OF PIPERIDINE ARD 1-CHLORO-1,1-DINITROETEAIE; FORMATION OF
PIPERIDINIUM 1,1-DINITROETEARE AND mpmmmumnﬁn“.

1-Chlore-1,1-dinitroethane (15.5 g., 0.10 mole) was added rapidly to
a solution of piperidine (17.0 g., 0.20 mole) in anhydrous ether {100 ml.).
The resulting pale~yellow solution was shaken, then allowed to stand at
room temperature, After one hour, fine needles began to precipitate; after
tvo days, an oil began separsting. The oily precipitate was filtered and
washed with ether containing a small amount of ethanol (te dissolve the
oil); the filtrate and washings (1) were combined and saved, The golden-
Yellow precipitate, after being dried in a desiccator over calcium sulfate
for 2 days, weighed 7.3 g.

The ysllow precipitate of salts was analyzed by ultraviclet mothods
and found Eo contain 55,5% tor 4,27 g,.) of piperidimium 1,}-dinitroethane.
The mixture of precipitated s=2lts was then analyzed for piperidinium chloride
in the following manner: A 5.00 g. aliguot of the salt was treated with
excess silver nitrate; the mixture of silver salts formed was acidified with
nitric acid in aqueocus ethanol in order to dissolve the precipitated silver
1,l-dinitroethane. The silver chloride left, upon being filtersd and dried,
veighed 1,14 g. The silver chloride isolated is equivalent to 1.40 g. of
Diperidiniue chloride in the original precipitate of salts.
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The filtrate (I) was allowed to stand at room temperature for another
4&8yj wo furiner precipitation of salt was observed. The filtrate was
concentrated at reduced pressure; s residual oil remained which contsined
scme crystals and weighed 21.2 g. The residue was extracted with & wixture
of water and ether; the aqueous extract was then diluted with water to
a stock volume of 1000 ml, The solution was then rediluted, 1:1000, and
analyzed spectrcphotometricslly, Ultra-violet analysis of the rediluted
mixture indicated that the stock solution contained piperidinium
1,1-dinitrogthane in 0.0245 M concestration (equivalent to 5.01 5.). The
remainder of the stock solution was treated with silver nitrate (as
outlined above), and 0,96 g. of silver chloride was obtained. The silver
chloride isolated is equivalent to 0.81 g. of piperidinium chloride.

The ether extract (from the residual oil), after removal of the
solvent, was vacuum distilled. The forerun was lachrymetory l-chloro-l,l=-
dinitroethane (1.0 g.), b.p. 58-61° (22 mm.). The distillates: Fractions 2
(1.92 g., b.p. 72-85° {3 mm.), oEC 1,4840) and 3 (2.98 g., b.p. 85-880
(3 mm.), LY 1.“891))and the residue (3.0 g.) were not identified further.,

The products of reaction of l-chloro-l,l-dinitroethane and piperidine
are summarized: piperidinium 1,1-dinitroethane (9.20 g., h8.§z iield[,
eridinium chloride : 6% 3 l-chloro-1,1l-dinitrocthsane
T, % recovery), unidentified distillate (4.90 g.) and unidentified
e (3,0 g.). The totel weight of isolated products is 20,

.3 the material balance is N

g., theory

3. REACTION OF SILVER 1,1-DINITROETHANE AND o-NITROBENZENESULFENYI, CHLORIDE;
o- 1,1 -DINITROETHYL SULFIDE,

A solution of silver J,l-dinitroethane (27 .k g., 0.099 mole) in

‘acetonitrile (150 ml.) was added in 45 minutes to o=-nitrobenzenesulfenyl

chloride (19.0 g., 0.10 mole) stirred in acetonitrile (150 ml.) at 10°,

Heat was evcolved (ihe tempsrature ross slowly to ca., 30°) and silver chloride
immediately precipitated., After the mixture had stirred for 10 hours,

the silver chloride was filtered, washed with acetonitriie and dried at 120°
for three hours; recovery = 12.6 g. (theorstical yield, 14.19 g.). The
filtrate was evaporated at reduced pressure to dryness. The crude, sweet-
smelling, oily, tan solid that was isolated weighed 26.4 g, The solid

vag alternately dried on filter paper and ground in a mortsr to express

and adsord the oil., The dry, tan s0lid remaining weighed 22.9 g.; in a ¢losed
capillary, it begen melting at 75° and decomposed rapidly at 140-145°, The
derivative 15 insclubls im water, diiute acid and dilute aikmli; slightly
soluble in ether ard cold 95% othanol; soluble in hot 954 ethsacl, carbon
tetrachloride, benzene, acetone, acetonitrile and glacial acetic acid.

Recrystallization of the derivative (2.00 g.) from 95% ethanol (14 ml.)
gave pure o-nitrophenyl 1,1l-dinitroethyl sulfide (1.47 g.) as cream-colored
needlets, m.p. »,0=01,0%, Evaporagion of the filtrate gave additiomal
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o-nitrophenyl 1,1~dinitroethyl sulfide (0.27 g., impure).

16

Apal, Calcd, for CeH7N3S0g: C; 35.17; H, 2,58; ¥, 15.38; S, 11.78.
Found: C, 34,79; H, 3.00; N, 15.34; S, 11.72.

4, REACTION OF SILVER 1,1-DINITROPROPANE AND o-NITROBENZENESULFENYL CHIORIDE;
O-RITROPHENYL 1,)-DINITRO-n-PROFYL SULFIDE.

Silver 1,1-dinitropropane (24.1 g., 0.10 mole) in acetonitrile (150 ml.)
was added in £5 minutes to a stirred solution of o-nitrobenzenmesulfciyl
chloride (19.0 g.. 0.1i0 wole) in acetonitrile (180 wml.) at 20°, Silver
chloride immediately precipitated from the solution, After suirring the
suspension at 25° fcr 4 hours, the salt was filiered, washed with aceto-
nitrile and ether, then dried in an oven at 90° for 5 hours. The recovery

of silver chloride wac 14.36 g. (theoretical yield = 14.33 g.). The

filtrate was evaporated at reduced pressure to dryaess, Tae Grude, crystalline
residue weighed 29.0 g.; four days of drying or filter paper brouight its
weight down to 28.6 g. The theoretical yield of o-nitrophenyl 1,1-dinitro-
n-propyl sulfide is 28.7 g. Recrystallization of thc derivative 121»9 g.)

from 95% ethanol (160 ml.) gave o-uitrophenyl i, -dinitrc-n-propyl sulfide
(17.25 g.) as cream~colored needlets, m.p. 90.5=91.3°.

Anal. Celcd. for CgHgNaSOs:C, 37.63; H, 3.16; N, 11,63, S, 11,16,
Found: C, 37.75; H, 3.27; N, k.62; 5, 11.17.

5. RPACPION CF 2-NITRO-1-DUTHENS AND METHANOL; 1-METHOXY-2.-NL7ROBUTANE.

2-Nitro-1-butene (25 g., 0.25 mole) was added over a period of U5
minutes to a stirred solution of sodium methoxide in methanol (5.75 g.,
0.25 wole of sodium in 125 ml. of methanol) at room temperature. Stirring
wag Continued for 3 hours following the complete addition of the nitro-
olefin, The solution was diluted with water (250 ml.), neutralized with
30% acetic acid, and extracted 4 times with ether. These extracts were
Ccombined and dried over anhydrous sodium sulfate. The solvent was removed
under reduced pressure and the residue was distilled; l-methozy-2-nitrobutane
(18.9 g.) was produced in 57% crude yield (b.p. 79.8-83.00 (12 tam.))k
Redistillation in a small column gave a 48% yleid of pure l-methoxy-2-
aitrosutame (b.p. 75.2°(11 wm.), of® 1.4201, d35 1.0372).

Anal, Calcd for CsHy3NO3: C, 45.11; H, 8.27; N, 10.52,
Found: C, 45,31; H, 8.41; N, 10.30.

speStrua of the pure product indicates absorption for
icrone) and ether (9.0 microns) groups.
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6. OXIDATIVE-NITRATION OF 1-METHOXY-2-RITROBUTANE; 1-METHOXY-2,2--DINITROBUTANE,

iicluvay=Z-uitrooutane (6.65 g., U.U5 moie) was Gissolved in a coid
solution of sodium hydroxide (2.1 g., 0.052 mole; and sodium nitrite
(3.7 g., 0.05 mole, 97% assay) in water (30 ml.) and methanol (50 wl.).
This solution was poured directly imto aqueocus silve? uitrate (17.0 g.,
0.1 mole im 50 ml. of water) which had beeu cooled to 0°, After stirring
for 2 hours, aquecus sodium caloride (10 ml.) was added. The precipitate
waps filtered and weshed with ether. The layers in the filtrate were
separated, and the water layer was wached 3 times with ether. The extracts
were combined with the ether layer, washed with saturated sodium chloride
solution; and dried over Drierite., Solvent was removed and the residue
was distilled. A crude yield of 87% of l-methoxy-2,2-dinitrobutcne (b.p.
60.5-62.5°/1.,5 om.; 7.75 g.) was obtained, Redistilliation of the crude
nggerial gave pure l.uelhovve?,?.ilgitigbutans (b.p. 67.2%/(3 wm.), 5.4k g.,
nf” 1,435, 483 1.2107, 61%).

Anal, Calcd. for CSHIOR205: C’ 330715 H) 50623 N) 15-755 MRD, 38.38.
Found: C, }3-70’ 33-803 H, 5-69) 5055;
¥, 15.71, 15.72; MRp, 38.33.

The infrared specCtra of the product exhibits characteristic absorption
for gem-dinitro (6.3 microus) aund ather (9.0 microns) groups.

T. BEACTION OF ANILINE AND 2-NITRO-1-BUTENE; 2-NITRO..1-PHENYIAMINOBUTANE.

Aniline (22.0 g., 0.237 mole) was added dropwise to well-stirred
2-nitro-l-butene (25.0 g., 0.25 mole) at temperatures below 30°, A solution
of the resulting yellow solid in dry ether (250 ml.) was then aropped
into €0ld ethereal hydrogen chloride (250 ml.). The amine hydrochloride
that precipitated was triturated twite with methanoi-~other (1:2) and

filtered. A crude yield of 67 g. of 2-unitro-l-phenylaminobutaune hydro-
chloride was obtained, m.p. 131-135°,

The hydrochloride was dissolved in water (500 ml.) and converted to
the free amine by the addition of dilute sodium carbonate. The basic
solution was extracted 3 timee with ether. The extracts were combined,
dried over sodium sulfate, and concentrated under reduced pressure. Upon
distillation under nitrogen atmosphere,the residue gave Crude 2-nitro-1-
phenylaminobutane (35.8 g., b.p. 134-137°(1.5 mm.), 78% yleld) as a yellow oil.
Redistillation of the Bsoduct yielded pure 2-nitro-l-phenylamincbutane:

b.p. 1219(C.1 mm.), nS? 1.5467, 439 1.1128, yield of 70%.

Anal, Cslcd, for CyoH; (N2022 C, 61.86; H, 7.223 N, 1h,bb; MRy 55.67.
FPound: C, 62.15; 3, 7.27; N, 14.81; MRp 55.26.

Infrared enalysis of- the product shows the presence of amine (2.95 amd
6.16 aicrons), mononitro (6.4 microns) and phenyl (13.25 and 14,5 microus)
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18
8. OXIDATIVE-NITRATION OF 2-NITRO-1-PHENTLAMINOBUTANE; 2,2-DINITRO-1-

PHENYIAMIKOBUTANE .

2-Nitro-1l-phenylamincbutane (4.65 g., 0.025 mole) was dissolved in a
cold solution of sodium hydroxide (1.12 g., 0.028 mole) ' and sudium nitrite
{1.72 g., 0.025 mole) 1in water (3C ml.) and methanol (50 ml.). The mixture
was poured directly into cold aqueous silver nitrate solution (6.5 g.,

0.05 mole: in 50 ml, of water and 100 ml. of ether), After the mixture had
stirred for 3 hours, brine (20 ml.) was added, and the solution was
filtered, The silver precipitate was washed with ether. The aqueous layer
in the filtrate was separated and washed 3 times with sther., The extracts
and the ether layer were combined, washed with saturated sodium chloride
solution and dried over Drierite, A dark oil remained after the solvent
had been distilled off under reduced pressure. The oil was decolorized with
charcoal and added immedistely to ethereal hydrogen chloride (250 ml.) at
0°, The nearly-white precipitate was filtered and dried, yielding the
hydrochloride of 2,2-dinitro-1l-phenylaminobutane (3.21 g., m.p. T2-739,
k54), Mis product decomposes tc = dark oil unless it is refrigerated.

Anal. Calcd. for C;oH;(N30.Cl: C, 43,643 H, 5.10; N, 15.28,
Found: C, 43,64, 43.69; H, 5.37, 5.20;
N, 15.20, 15.43.

9. REACTION OF 2-NITRO-1-BUTENE AND FTHANETHIOL; ETHYL 2-NITRO-1-BUTYL THIOFTHER.

Sodium methoxide (5.75 g., 0.25 mole of sodium in 100 ml. of methanol)
vas added slowly with stirring to a solution of ethanethiol (24 g., 0.39

mele . in methanol (60 ml,) at =-5°, 2-Nitro-l-butene (25 g., 0.25 mole) was
then added over a pericd of 45 minutes. After an hour of stirring at =59,

the solution was diluted with vater (400 ml.,) and acidified with 30% acetic
acid, The thic™ether was extracted with ether and dried over anhydrous

sodiun sulfate. Removal of the solvent and distillaiion ¢of the residue
produced a yellow o1l (3%.1 g., b.p. 87.5-90,0° (12 mm.), 84%)., Redistillation
on a small columt gave pure ethyl Zenitroelsbutyl thio~ether (b.p. 83.0°

(3 am.), 30.60 g., nf¥ 1.4752, d20 1.0642, To%} MRp calod: h3.21, found:”

43.14). The infrared spectra ofeghe product exhibits absorption characteristics
of mononitro (6.4 microns) and thiocether (9.0 and 11.85 microns) groups.

Anal, Calcd. for CeH,aNO>S: C, 4k,17; H, 7.98; N, 8.59.
Pound: C, 44,36, 44,313 H, 8.11, 8.17;
N, 8.44, 8,52,

10. OXIDATIVE-RITRATICN OF ETHYL 2-NITRO-1-BUIYL THIOETHER; ATTEMPTED
PREPARATION OF 2 3 2=D, YL THIOETHER.

2eNitro=1=butyl thiocether (4.17 g., 0.0256 mole) was dropped slowly
into a cold solution of sodium hydroxide (1.10 g., 0.025 mole) and socdium
nitrite (1.90 g., 0.027 mole;, 97% assay) in water (30 ml.) and methanol
(20 ml.). Vigorous shaking of the mixture for several minutes was required
before the .aitrothioether was completely dissolved. The solution was then
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Q poured directly into aqueous silver nitrate (8,50 g., 0.05 mole in water
(50 m1.) and ether (100 ml.) at 0°, A black silver precipitate formed
immediately. The reaction mixture ncw exhiblted a strong lachrymatory odor.
Upon stirring the reaction mixture for 3 hours, no apparent changes could
be observed. Brine (10 ml.) was added and the solution was filtered. The
precipitate was washed wiih hot benzene (2 x 10 ml.) and ether (3 x 20 ml,).
Ths aquecus layer in the filtrate was separated and extracted 3 times with
ether, ‘The extracts were Combined with the ether layer, washed with
saturated sodium chloride solution, and dried over anhydrous sodium sulfate,
Removel of the solvent under reduced pressure and distillation of the
residue yielded 0.54% g, of a yellow oil (67-85°/0.8 mm.). Infrared analysis
indicated that this material was a mixture of mononitro (6,4 » ) and
dinitro (6.3 « ) thiosthers.
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It was conCluded from this experiment that the principal portion of the
starting material was counverted to 2-nitro-l-butene, apparently at the
moment of contact with the silver nitrate solution., Although the salt of
8thyl 2-nitro-l-butyl thicether seemed entirely stable, a critical factor
was found in its preparation. If the selt of the mononitro compound was
Lot dissolved in a minimum of solvent (water-alcohol) and used within a

half-hour or so, after its preparation, no black precipitate was formed
upon addition of sodium nitrite-silver nitrate reagents.
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11, OXIDATIVE-NITRATION OF 4-NITROPENTANAL; U4,4-DINITROPENTANAL.

h-Nitropentanal (5,32 g., 0.041 mole, b.p. 84-88° (2.5 mm.), in

r’ 75 ml. of methanol) was dissolved in aqueous sodium hydroxide (1.64 g.,
0.041 mole, in 10 ml, water) at 0° (15 minutes), Sodium nitrite (2.83 g.,
0.041 mole, 97% assay, in 10 ml. of water) was edded and the solution was 3
poured into stirred aqueous silver nitrate (13,9% g., 0.082 mole, in
100 ml. of water) and ether g75 ml,) at 0-5°, Silver was deposited very
slovly. After ome hour at 0, the reaction mixture was brought to room
temperature for one hour. The mixture was filtered and extracted with ]
ether. The ether extracts were washed with saturated sodium chloride and =
then with water and dried with Drierite, Distillation of the reaction

mixture ga 8 k,4-dinitropentansl (k.43 g., 61,6% theory, b,p. 123-124,5°
(latom.), ag IéEOE'?b', ?!?"20 1.3255);18t. 2 b.p. 97-97.5° (0.8 mm.), ]
dpp 1.384, oy~ 1.4650, MRy (calcd.) 36.65, MRy (found) 36.65).

L

i,4-Dinitropentanal wae characterized as its semicarbazone (mep, v

153.5-154,5% 11t.,2 m.p. 154.5-155,5°) and 1ts p-nitrophenylhydrazone
(m.p. 142-1%3% 11t.° a.p, 141-142°),

£,
3

sy

12,

XIDATIVE-NITRATION OF 1,3,1,3,2,3,5-EEPTAFLUORO-5-NITROEEPTANE;
1,1,1,2,2,3,3-BEPTAFLUORO- & 5.DINI TROREPTANE .

1,1,1,2,2,3,3-Feptaflucro-5-nitroheptane (4.73 g., 0.017 mole) in
methanol {50 ml.’ was alowly mixed with aqueous sodium hydroxide (0.72 g.,
0,018 mole, in 20 ml, of water) at 10° and the solution was allowed to stand
for 10 minutes, Sodium nitrite (1.25 g., 0.018 mole) was added and the

CONFIDENTIAL
SECURITY INFORMATION

®
:

E“'nﬁmi W:_M‘:.? o

Lo BT . " ' g2 TR 5Y. e

e et . i R S VN YN
e a0




,’

CONFIDENTIAL
SECURITY INFORMATION

cooled solution wae poured into stirred silver nitrate (6.12 g., 0.036 mole)
in water (75 ml,) and ether (100 ml.) at 5°, After 30 minutes the cooling
Uailn was removed snd tne reacivion mixture was svirred at roouw lempeiature
for 2 hours. Brine (5 ml.) was added, and the amixture was fiitered by
suction, The silver deposit was washed liberally with ether, and the aqueous
layer was extracted several times with ether. The combined ether washings
and extracts were washed with water, brine and dried over Drierite. After
ether had been distilled, the crude product was distilled at reduced
pressure, giving 1,1,1,2,2,%,3-heptafluoro-5,5~-dinitroheptane: Fraction 1,
0.68 g., b.p, 48-520 (2 mm.), 1.3848, Fraction 2, 5.3% €., b.p. 52-530

(2 mm,), og® 1.3660, total yleld, 4.02 g., Th.9% theory. Redistilled
1,1,1,2,2,3,3~heptafluoro~5,5 -dinitroheptane has the following physical
MRp (found) 46,58, Infrared enmalysis of the heptafluorodinitroalkane showed

the dinitro absorption band at 6.25 microns instead of the usual 6.3 microns
for gem-dinitroalkanes,

Found: C, 26.85; H, 2.34; N, 8.97.

13. FREACTION OF 1-BROMO-2-PEENYLETHANE AND SILVER NITRITE; - D
PHENYLETHANE .

S8ilver nitrite (40 g., 0.26 mole) was introduced into a one liter, round-
bottomed flask, equipped with a condenser, a stirrer and a dropping funnel,
The mixture was cooled to 0° aué l-hromo-2-phenylethane (31.59 g., 0.17 mole)
was &dded dropwise in one hour. The reaction mixture was stirred at 0° for
% hours and then left {0 stir overnight at room temperature. After heating
the mixture for 5 hours on a steam bath, ethyl ether (150 ml.) was added and
the silver bromide was filtered by suction, Vacuum distillation of the
solution gave the following fractioms: Fraction 1, 3.35 g., b.p. 45-55°

(1.5 mm.), dgg 1.0638; Fraction 2, 2.10 g., b.p. 65-70° é%.s mm. ),

a8 1.0680; Fraction 3, 3.45 g., b.p. 70-T7°(1.5 mm.), d55 1.0837;

Fraction 4, 12,00 g., b.p. 77-85° (1.5 mu.), dgg 1.1354, Rectification of
Fraction 4 in & helix-packed column (1.5 x 13 _¢m.) gave l-niirp-2-phenylethane
11.25 g., 43.8% yield, b.p, 88-890 (2 mm.), nf® 31,5258, as§ 1.123S;

MRg (CQICd.) ul.}?, MRD (found) hlo??j lito]'} b.p. 7"‘05'75.50 (005 mo))

n8° 1.5273, 439 1.100s.

14, OXIDATIVE-NITRATION OF 1-NITRO-2-PEENYLETHANE; 1,1-DINITRO-2~FHENYLETHANRE,

1-Nitro-2-phenylethane (5.54 g., 0.037 mole, b.p. 86-89° (3 mm.),
dgg 1.1239) in methanol (40 ml.) was added slowly to aqueous sodium
hydroxide (1,52 g., 0.038 mcle) in 20 ml, of water; the solution was allcwed
to stand for one half hour below 10°, GJodium nitrite (2.62 g., 0.038 mole)
in i0 ml, of water was added and the mixture vas cocled in an ice~bath, Tne
yellow solution was poured rapidly into a stirred solution of silver nitrate
(11.92 g., 0.076 mole) in water (100 ml.) and ethyl ether (100 ml.) at 0°,
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After 30 minutes the cooling bath wvas removed and the reaction mixture was
stirred at room temperature for 2 hours. The daposition of silver during
oxidativa-nitration wvas vary ranfd. Rrine /5 mi’') wme 2ddsds +he mivinve

was filtered by suction. The silver deposit was washed liberally with

ether, The ether extracts were combined, washed with satursted sodium

chloride solution and water, dried with Drierite, filtered, and then evaporatad.
A crystalline residue remained which upon recrystaliization from petroleum
ether gave 1,1-dinitro-2-phenylethane 3,97 g., 54.7% yleld, m.p.l1-42°,
infrared absorption for gem-dinitro group at 6.3 microus.

Ansl. Calcd. for CgHgNoO4: C, 48,98; H, 4,113 K, 14.28.
Found: C, 49.21; H, 3.81; N, 14,30,

Potassium 1,l-dinitro-2-phenylethane (0.56 g., 0.0022 mole, 87.7%
theory) was obtsined as a yellow ealt by treating 1,1-dinitro-2-phenylethane
(0,598 g., 0.0031 mole) in methanol (10 ml.) with methanolic potassium
hydroxide. The precipitated potassium salt was filtered, washed several
times with ethyl ether, dec. range, 143-150°, Solubility of potassium
1,1-dinitro-2-phenylethane in water, 1 part to 7.01 parts water,

Silver 1,1=dinitro-2-phenylethane was obtained as a water-insoluble
grayish yellrw solid (0.4t35 g., 0.,001% mole, 92.0% theory) on mixing aqueocus
solution of potassium 1,1-dinitro-2-phenylzthane (0.365 g., 0.016 mole) and
silver nitraie; dec, range, 140-145°, at which silver salt began to deposit
silver mirror,

15. OYIDATIVE-NITEATION OF NITROCZCLGPENTANE; DINUTROCYCLOPENTANE.

Kitrocyclopertane (7.22 g., 0,063 mole) in methanol (100 ml.) was
slowly mixed with aqueous sodiivm hydroxide (2.6 g., 0.065 mole, in 15 ml,
water) and the solution vas ellowed to stand for 15 minutes below 15°,
Sodium nitrite (4.5 g., 0.065 mole, in 15 ml. of water) was added and the
mixture was coclad in an ice-bath and poured into stirred silver nitrate
(22.10 g., 0.13 mole, in 100 ml., of water), aqueous sodium hydroxide (5%,
1 drop), and ether (100 nl.), After 30 minutes the cooling bath was removed
and left stirring for an r3ditlonclh hours. Silver deposition was very
slowj brine (5 ml.) was added and the mixture filtered by suction., The
combined ether wazhings were washed with saturated sodium chloride, with
wvater and dried with Drierite. Distillation under Seduced ressure gave
dinitrocyclopontane (5.63 g., 55.8% theory, b.p. 78" (2 mm.g, ng 1.4655,

a 1.2809). Rectification of the dinitrocyclopentane in a helix-packed

column (1.5 x 13 cx,) gave a product of the following properties:

gipé 800 (2 mm.), nZ 1,468, a5) 1.2818, MBp {calcd.) 3%.605, MRy (found)
050

Anal, Calcd. for CsHaN>O4: C, 37.503 H, 5.0k3 N, 17.49.
- Found: C, 37.80; E, 5.17; N, 17.1k.

CONFIDENTIAL
SECURITY  INFORMATION

=y &

avn §

o B o S A R R SR L RSB iR R

4 ol

i

3
AR
3
:
£




CONFDENTIAL
SECURITY INFORMATION 2

16. OXIDATIVE-NITRATION OF 2,2-DIMETHYL-1-NITROPROPANE; 2,2~-DIMEPHYL~
1,1-DINTTFEOPROPANE (IMPROVED YIELD), - - . o 2 G R e s

2-Methyl-l-nitropropane (9.56 2. 0.081 mole) in methanol (50 ml.)
wvas added to aqueous sodium hydroxide (4.2 g., 0.11 mole, in 20 ml. water)
a. 0° Sodium nitrite (7.5 g., 0.1l mole, 97% assay) was added and the
solution was poured into stirred agueous silver nitrate (34.0 g., 0.20 mole,
in 150 ml. water) and ether (100 ml,) at 0-5°., Silver deposits were formed
rather rapidly. After one hour brine (5 ml.) was added; the mixture was
left overnight since it was difficult to filter the finely divided silver
precipitate. The mixture was filtered through a layer of Celite and washed
vith additicnal ether. The combined ether extracts were dried with
Drierite and evaporated, leaving an oily mess which was purified by
recrystallization from Skellysolve F, folluwed by sublimation to give

2,2~dimethxl-l:Ladinitrogroggne (7.35 g., 55.5% theory, m.p. 64-65%;
L6 m

1lit., p. OB, 505}, . .. ...

17. OXIDATIVE-NITRATION OF CYCLOHEXYLNITROMETHANE; CYCLOHEXYLDINITROMETHANE
(IMPROVED .YIELD), . ...- B = R s (B R o A PRS-

Cyclohexylnitromethane (5.20 g., 0.036 mole, n§® 1.4635, 458 1,0405;
.obtained from Dr. N. Kornblum) in methanol (70 wl,) was slowliy added to aqueous
scdium hydroxide (1.52 g., 0.038 mole, 97% assay, in 15 ml. water) and the solu-
tion allowed to stend for half an hour below 15°. Sodium nitrite (2.62 g.,
0.038 mcle, 97% assay, in 7 ml., of waier) was added and the mixture was cooled
in an ice-bath and poured rapidly into a stirred solution of silver nitrate
(12,9 g., 0.076 mole, in 50 ml. water) and ether (75 ml.) at 09, After 30
minutec the cooling bath was removed; brine (5 ml.) was added, and the mix-—
ture vas filtered by suction. The 3ilver deposit was washed repeatedly
with ether; the ether layer in the filirate was separated and the aguecus
layer was washed with ether. The ether washings were combined, washed with
brine, water, and dried with Drierite, Distillation under reduced pressure
gave cyclohexyldinitromethane (4.72 g., 69.7% yield), b.p. 9%° (2 mwm.),

: calcd.) 44,79, Mp (found) 43.82,

Anal, Calcd. for C7H,2N204: C, L4.67; H, 6,43; N, 14.89.
Found: C, 44.87, k4.93; H, 6.69, 6.45;
N, 14.82, 14,98,

1C, REACTION OF SILVER NITRITE AND ETHYL 3-BROMOBUTYRATE; ETHYL 3-NITROBUTYRATE,

round bottomed flask, equipped with & condenser, & stirrer and a dropping
funnel, The flask was cooled to 0° and ethyl 3-brouwobutyrate {60 g., 0.31 mole,
b.p. 51-66° (6 mm.), n§> 1.kk72, A55 1.3366, Sapcn Laboratories, Inc.) was
added dropwise in cne hour. The mixture was then stirred at 0° for 4 hours.
The mixture was left overnight at room temperature and then heated at 70° for
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7 hours. Ethyl ether (150 ml.) was added and the silver bromide was
filtered by suction. Vacuum distillation of the reaction mixture gave the
following fractions: ®racticn 1. 1L .2 5 = hop 52:580 {2 em V. <29 4 Ly

ory —eye \s unue /9 uD .L.'TLW’

433 1.0584, Fraction 2, 13.8 g., b.p. 60-70° (3 mm.), 1.4205,

433 1.1400, Praction 3, 7.7 g., b.p. T0-T1° (3 ma.), 03’ 1.1408, 50 1.1408,
Praction b, 6.5 g., pot residue, Fracticn 3 was rectified in a helixz-packed
column (1.5 x 13 cm.) to yield ethyl 3-nitrobutyrate, 7.2 g., 14% yield,

b.p. 72-73° (2 m.), n%ﬁ 1.h241, dgg 1.1408, (calecd.) 37.13, MRy (found)

36,06, Infrared analysis of the product showed the usual mononitro
absorption at 6.4 microns, and strong nitrate absorption at 6.1 microns,

Anal, Calcd, for CgH; NO¢: C, kk,T1; H, 6.883 N, 8,69,
Found: C, 44 ,46; B, 6.65; N, 8,49,

Fraction 2 (13.8 g., b.p. 60-70° (3 mn.), u2d 1.4205, a5 1.1400) vas also
rectified in & helix-packed column (1.5 x :g cm.) to yield nearly pure
ethyl 3-nitrobutyrate (5.6 g., 11% yield, b.p. 69-70° (2 mm.), nD5 1.4236,

1.138). Infrared analyses of all fractionc indicated glways ‘- the
presence of nitrate (6,1 microns) groups.

19. OXIDATIVE-NITRATION OF PTHYL 3-NITROBUTYRATE: ETHYL ~DINITROBUTYRATE

Ethyl 3-nitrobutyrate (4.95 g., 0.03). mole) in methanol (35 ml.) was
slovly mixed with aqueocus sodium hydroxide (1.4t g., 0.035 mole, in 15 ml. of
vaterg and the solution was alloved to stand for 15 minutes below 15°,
Sodium uitrite (2.4 g., 0.035 mole) in 10 ml, of water was then added. The
wixture was cocled in an ice-bath and pourad into stirred silver nitrate
(11.9 g., 0.07 mole) in water (110 ml.) and ether (100 ml,) at 5°. After
30 minutes the cooling bath was removed. The color of the reaction mixture
changed from cream to light brown to dark brown to black with silver deposits
on the sidec of the flask within the course of 15 minutes, Brine (5 ml,)
wvas added, and the mixturs wss filtsrsd by suction. After the silver deposit
had been washed liberally with ether, the aquecus layer was extracted with
ether, The Combined ether washings and extracta were washed with water,
brine and dried over Drierite, After the ether had been diatilled, the
¢rude product was distilled at reduced pressure to give ethyl 3,3-dinitro-
butyrete, 2.28 g., 35.7% theory, b.p. 67° (0.5 m.), n§2 1.4485, The infrared
spectrum of the product exhibited sbsorption at 6.3 mifrons characteristic
of the gem-dinitro group.

B

Found: C, 35,20; H, 5.13; N, 13.89,

20, CONTERSATION OF NITRCMETBANE AND FLUORAL EYCRATE; 1,1,1-TRIFLUORO-
3-NITRO=~2~-PROPANOL _ ( IMFROVED PROCEDURE) .

Protedure 1, A mixture of fluoral hydrate (75 z. of flucral nydrate-

Vil

vater azeotrope, 56 g. hydrate, 0.48 mole), nitromethane (92 g., 1.5 mole),
CONFIDENTIAL
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15 and 4ry sodium carbonate was stirred for 2 days at room temperature. The g
mixture wvas vashed with water to remove any remaining base; the aqueous 1

i extracts were then extracted with ether, The combined o0il ard ether é

fractione wvara Ariad ovar Drierita: the ather and nitromethane were removed
by distillation at 50 mm. The residual oil was distilled at reduced preasure
to give colorless 1,1,1-trif1uoro-3-nitro-%i?ropanol (62.36 g., 81% yleld),
b.p. 6-66° (5.5 m.), p50 1.3791; 11¢.20 220 1,3771, 478 yield.

Procedure 2, The procedure followed was the same as that previcusly
described vith the exception that the sclution was hsated at %P for 4 hours

:

and allowed to stand overnight. The yleld of 1,1,l-trifluoroc-3-nitro-2- v
propanocl was escentially the same as that of the previous procedure (64.43 g., 4
83% yle1d) b.p. 62-66° (5.5 mm.), nf° 1.37925 11t n80 1, 3771, ¢

%
21, REACTIOR OF_1,T;I-WRIFLYORO-3~NITRO-2-PROPYL ACETATE AND SODIDM CARBONATE; ¢

ATTEMPTED PREPARATION OF 3, 3, 3-TRIFLUORO-1-NITRO-1~FROPENE.

Acetic anhydride (41 g., 0.k mole) was added dropwise to a stirred
mixture of 1,l}l-trifluoro-}-nitro-e-propanol (64 €., Ok mole) and
concentrated sulfuric acid (0.5 g.). The solution was heated at 80-~90°
for 6 hours and then cooled and poured into water (500 ml.). The mixture
was allowed to stand for one hour and then extracted with ether; the ether
extracts were then dried over Drierite. The ether solution was concentrated
to a rolume of 150 ml., and dry sodium carbonate (42 g.,, O.4 mole) was
added., The mixture darkened in color upon being wvarmed and heat was evolved.
After filtering the mixture the precipitated cake was dissolved in water and
extracted vith ether, The ether fractions were combined, dried over Drierite,
end then distilled, Distillation of the lachrymatory residual oil gave a
mobile mixture (19.4 g., b.p. 55-110°) which could not be effectively separated v
by rectification in a small packed columnj a viscous dark tar (14.3 g.)
remained as & residue (ugi?entified) from the initial distillation, (It has
been previously reported*¥ that the reaction product obtained from phosphoric

anhydride and 1,1,l-trifluoro~3-nitro~2-propanoi could not pe serarated in
e 50 plate columnf.

rak

SR NG

22, REACTION OF 1,1,1-TRIFLUORD-3-NITRO-2-FROPANOL AND PHTHALIC ANHYDRIDE;
é}i,Q-Tniynnono-l-nxrno-1-Pnong§.

A mixture of 1,1,1-trifluoro-3-nitro~2-propanol (45.5 8 g 0.286 mole)
and phthalic aphydride (45.5 g., 0.30 mole) was heated at 140° until 1t

beCame homogeneous in an apparatus eguipped for vacuum distillation.

The temperature of the mixture was raised to 180° and the product mixture of
ol]l and water was collected. The pressure in the apparatus was gradually
lswerad during ths dehydratiocn until no more volatile product wes being formed,
The distillate was diesolved in ether and the water separated; the ether
solution was distilled through & suall column, ‘The reactinmn product was
ieolated in the following fractions: Fraction 1, b,p. 86-87° , L4.62 g.,

n8° 1.3605; Fraction 2, b.p. 87-89°, 11.37 g., nEC 1.3609, Fraction 3,
s CONFIDENTIAL
SECURITY INFORMATION
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89-89.5°, 3.21 g., n%O 1.3610. The product, 3,3,3-trifluorc-1-hitropfepuns, .
(19.20 g., 47% yiela, n%o 1.3809, dgg 1,423) was a very strong lachrymator,

Anal, Calcd, for CaHaFeNO2: C, 25.53; B, 1.42; N, 9.93.
o Found: C, 26,33; .H, 1.71; N, 10.25.

23, GONDENSATION OF KITRQMETHANE ARD 1,1,1-TRIFLUOROACETONE; 1-NITRO-3-
R _ 2 -PROPANOL S

1,1,1-Triflucrcacetone (25.0 ml., 30.1 g., 0.269 mole) was added
dropwise with stirring to nitromethasne (500 ml., 565 g., 9.2 mole) at 0°
containing anhydrous potassium carbonate (4.0 ge¢)s The solution was allowed
to wvarm to room temperature and stir for 3 days. After being neutralized
with dilute hydrochloric acid, the mixture wae dried firet with a saturated
8alt sclution and then with sodium sulphste, After the nitromethane had
been removed at reduced pressure, the residual oil wae vacuum distilled twice

to give colorless 1. Q2Q:E8IILESSQ!!EKI&:E:EIQRQHQL (24.53 g., 53% yield),
b.p. 42-43° (3 mm,), of’ 1.3881, 45, 1.2302.

Anal, Calcd, for CHaFaNOss C, 27.7%; B, 3.49; N, 8.09.
Pound: C, 27-96; H, 3-32; N) 8-0“.

2k, EEDUCTION OF 1-NITROFROFENE WITH SCCIWM TRIMETHOXYBORCEITRITEj.
1-NITROPROFANE, 2 =1, 3=-DINITROPENTANE ( COMPLETED EXPERIMENRT

~ sulution of l-nitropropene (15.2 g., 0.175 mole) in ethyl ether
(25 ml1.) was added dropwise in 7O minutes to a stirred suspension of sodium
trimethoxyborohydride (33.58 g., 0.175 mcle + 50% exCess) in ethyl ether
(150 ml.) and tetranydrofuran (50 ml.). During addition the reaction mixture
vas kept at -70° i 1°; after addition was completed the mixture was etirred
for 30 minutes at -72°, The mixture was then acidified in 1 hour at 0° with
vrea-acetic acid eolution (100 ml.). The mixture was saturated with sodium
Chleridej the agueous layer was separated and extracted with ethyl ether
(100 ml.s. The combined ether extract was washed with saturated sodium
bicarbonate solution (2 x 200 ml,) and dried over anhydrous sodium sulfate.
After removal of the sodium sulfate by filtraticn, distillation gave, after
removal of ether, the following fractioms: (1) l-nitropropane (12.73 g.,
0.143% mole, 21.7%) as a colorless 1iguid, b.p. %0-T72° (100 ma.), n%o 1.4025-
1.4346, 438 1.0006; MBy, (calcd.) 21.68, MRy (found) 21.96, and (2)
2-methyl-1l,3-dinitrcpentane (1.75 g., 0.0098& mole, 11.4%) as s yellow~1iquid,

b.p. 105-108.5° (2 mu.), n%o 1.k563, and (3) a reeidue (0.9 g.).

Redistillation of Fraction 1 gave purer l-nitropropang in slightly

lover yield, b.p, 128-13¢°, of® 1.4027; 11t.3% b.p, 132, 423.1.003, n5” 1.k015,

An infrared epectrum of the l-nitropropane (sandwich cell) contained a

strong band for the momonitro (6.4 microne) group and no bands for a carbenyl
group (5.7 microns), a mononitro group attached to an unsaturated carbon
atom (6.5 microns) or a carbon-carbon double bond (6.0 microns).
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The structure of l-nitropropane_yas proven by its conversion to
propionaldehyde via the Nef reaCtionl follcewed bg preparation of propion-
aldehyde 2,4~dinitrophenylhydrazone, m.p. 153«155°, The melting point of
the derivative was not depresse’ when mixed with an authentic saample.

Fraction 2, crude 2-methyl-l,3-dinitropentane, was redistilled twice
to give a colorless product in only slightiy lower yield, b.p. 06-86.80
(0.8 ma.), g0 1,458, a§° 1.1707; MBp (calcd.) 41.31, MR (found) 40,89,
Its infrared spectruv— in gcated the presence of aliphatic mononitro groups
(C-NO; at 6.4 microns). The following analysis was cbtained for 2-methyl-
1,3~dinitropentane:

Aml. Calcd. for 05‘5121‘3204! c, ‘&0.90} H’ 6.87; N’ 15'0900
Found: C, 41,16; 41.18; B, 6.89, 7.11;
ﬁ, 15.83, 15.80.

25, REDUCTION OF 1-NITROFROPENE WITH LITHIMM BOROHYPRIDE; 1-NITROPROPANE,
2-METH!L-1,S-DINITROPENTANE ({COMPLETED EXPERIMENT).

A solution of l-nitropropene (15.2 g., 0.175 mole) in ethyl ether (25 ml
was added dropwise in 3 hours to a stirred suspensicn of lithium borohydride
(1.92 g., 0.088 mole) in ethyl ether (175 ml.) Contained in a 500 ml,, three-
necked flask squipped with a stirrer, a dropping funnel, a thermometer and
a drying tube. During addition the reaction mixture was kept at -70° 19
after add: tion vas completed the mixture was gtirred for 2 hours at -70°,

The mixture wves then acidified in 1 hour at 0 with uree-acetic acid solutioz
(140 ml.). The mixture was transferred to a separatory funuel and saturated
with sodium Chloridej the aqueous layer was separated and extracted with
ethyl ether (200 ml.s. The combired ether extract was washed with saturated
sodiuam bicarbonate solution (2 x 200 ml.) and dried over auhydrous scdium
sulfate, After removal of the scdium sulfate by filtration and concentration
of the filtrate on a steam bath, distillation gave: (a) l-nitrcpropane

(3677 8., 0.0873 mole, 49.9%) as a colorless 1liquid, b.p. 65-69.5° (100 mm.),
np 1.4035-1.4045, agé 0.9989; MBp (calcd.) 21.68, MRp (found) 22.12;

11t.1% b,p, 1329, @58 1.003, od 1.4015, (b} crude 2-methyl-1,3-dinitro-
ntane (0,37 g., 0.8021 moie, B.h%) as a yellow 11qu1d,.§.p..ca..15§° (1 o,
E%g‘?f"

1.1577 and (¢) & browm residue (0.9 g.).

The structure of l-nitropropane was proven by its conversion to
propionaldehyde via the Nef reaction followsd by preperation of propion-
aldehyde 2,4-dinitrophenylhydrazone, m.p. 153.5-155.5°. The melting point
of the derivative was not depressed when mixed with an authentic sample.

An infrared spectrum of the l-nitropropane (sandwich cell) contained a
strong band for the mononitro (6.4 microms) group and no bends for a carbonyl
group (5.7 microns), a mononitro group attached to an unsaturated carbon
atom (6.5 microns) or a carbon-carbon doudle bond (6.0 microms).
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26. REDUCTION OF 2-NITRO-1-BUTENE WITH SCDPI'M TRIMETHOXYBOROEYDRIDE;
§-NITROBUTANE, 2-METHYL-3, 5~-DINITROBEEPTARE (CoMP D EIPERIMENT).

Procedure 1. A solution of 2enitro-l-buteme (15.2 g., 0.15 mcle) in
ethyl ether (25 ml.) was added drovpwise in 70 minutes to a stirred suspension
of sodium trimethoxyborohydride (28:8 g., 2.15 mole plus 50% excess) in
sthyl ether (125 ml,) and tetrahydrofuran (50 ml.) contained in a 500 wl.,
three-necked flask equipped with a stirrer, a dropping funnel, a thermometer
aund a 4drying tube. During addition the reaction mixture was kept at -60 to
«65°, The mixture was then acidified in one hour at 0° with urea-acetic acid
solution (100 wl.). The mixture was tramsferred to a separatory funnel aud
saturated with sodium chloride; the squeous layer was separated and extracted
with ethyl ether {100 ml.). The combined ether extract was washed with
saturated sodium bicarbonate solutton (2 x 200 nl.) and driel over anhydrous
sodium sulfate, After removal of the sodium sulfate by filtration and
evaporation of the solvent on a steam bath, distillation of the product
gave the following fractious: (1) 2-nitrobutane (6.95 g., 0.0675 5818’ 459)
as a colorless liquid, b.p, 60-70° (80 mm.), ngo 1,404841,4050, d5g 0.9652;
MRp (calcd.) 26.33, MRy (found) 26,193 11t.15 b.p. 10°, 488 G.968, oy 1.4036,
and (2) 3-meghyl-3,5-dinitroheptane (5.34 g., 0.0262 mole, 35%), b.p. 86-90°
(0.5 mm.), Bp° 1.4568-1.457T7 and (3) a residue (1.3 g.).

Au infrared spectrum of Fraction 1, 2-nitrobutane (sandwich cell),
contained e strong band for an aliphatic mononitro group (6.4 microns);
uo other functional groups were evident, The structure of 2-nitrobutane
was established by ite conversion to methyl ethyl ketone via the Nef reaction
followed by preparation of methyl ethyl ketome 2,4-dinitrophenylhydrazone,
@.p. 113,5-114°, The melting polnt of the derivative was nct ceprassed whea
mixed with an authentic saaple,

Redistillation of Fraction 2 gave purer 3-methyl-3,5-dinitroheptane in
slightly lower yleld, b.p. 79-81° (0.7 mm.), 020 1,573, 458 1.1124;

MRp (calcd,) 50.61, MR, (found) 50.03, An infrared epectrum of the 3-methyle
3,5=-dinitroheptane contained a strong band for a mononitro group (6.4 microus)
&td a very weak band for 2 carbonyl group (5.8 microns). The following
apaiysis wvas obtained for the J-methyl-3,5-dinitroheptane:

Anal, Calcd. for CpH;eN204: C, 47.053 H, 7.90; N, 13.70.
Found: C, 47,95, hé.OI; H, 7.90, 7.70;
N, 13.50; 13.35.

A derivative of 3-methyl-3,5-dinitroheptane was prepared by its
Couveraion to 3j~methyl-3-nitro-5-heptanone via the Kef reaction followed by
preparatiocn of 3-methyl-F-uitro-S-heptanone 2,4-dinitrophenylhydrazone,
@ePo 13105'132056;

Anal., Calcd. for C, H;gNsOe: C, 47.59; H, 5.42; N, 19.82.
Found: 3) hTaLB; H, 5.29; N, 19.96.
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Procedure 2. The experiment was conducted as above except 2-nitro-1-
butene (12.1 g., 0.12 mole) was added to sodium trimethoxyborohydride
(16.9 g., 0.12 mole + 10%) in 70 minutes at -55 to -60°; after addition was
completed the mixture was stirred for 30 minutes at -60°, The ether extract
vags also weghed with saturated sodium visulfite solution (3 x 150 ml.).
Disiiliatiou of vhe product gauve : (8) Z2-niTrooutane {2.07 g.,; U.U337 molse,
29,7%) as a colorless 1iquid, b.p. 44625 (60 mm.), n&" 1.4047-1,4055,
(b) 3-methyl-3,5-dinitroheptane (5.65 g., 0.0277 mole, 46.2%) as a yellow
liquid, b.p, 99-100° (1 mm.), nf0 1,4559-1.4580, and (c) a residue (1.1 g.).

Procedure 3. The experiment was conducted as previously (Procedure 1)
except the 2-nitro-l-butene was added dropwise in 1,5 hours to sodium tri-
methoxyborohydride (21.1 g., 0.15 mole + 10% excess). During addition the
reaction mixture was kept at -1 to =293 after addition was completed the
mixture was stirred for 1.5 houra at 0-, The ether extract was also washed
wvith sodium dbisulfite soiution {3 x 150 ml,). Distillation of the product
gave: (a) 2-nitrobutane (1.42 g., 0.0138 mole, 9.2%) as a pale yellow liquid,

b.p. 45-53° (50 wam.), 020 1 ,L04B-1.4061, (b) 3-methyl-3,5-dinitrcheptate
(0.77 g+, 0.00377 mole, 5.03%) as an amber 1liquid, b.p. 40-50° (0.6 mm.),
820 1,4570 and (c) a residue (10.41 g.).

27. REDUCTION OF 2-NITRO-~1-BUIENE WITH LITEIWM BOROHYDRIDE; 2-NITROBUTANE,
3-METHYL~-3,5~DINITROBEPTANE (COMPLETED EXPERIMENT).

Procedure 1. A solution of 2-nitro-l-butene (15.2 g., 0.15 mole) 1in
ethyl ether (25 »l,) was added dropwise in 3 hours to a stirred suspension
of lithium borohydride (1.72 g., 0.075 wole + 5%) in ethyl ether (125 ml,)
and tetrahydrofuran (50 ml.) contained in a 500 ml., three-necked flask
equipped with a stirrer, a dropping funnel, a thermometer and a drying tube.
During additieon the reacticrn mixture was kept at -68 to =700; after addition
vag Completed the mixture was stirred for 2,5 hours at -70°, The mixiture
was then acidified in ons hour at O° with urca--acetic acid solution (75 ml.).
The mixture was tramsferrei to a separatory funnel and saturat.i with sodium
chloride; the aqueous lay:: was separated and extracted with ethyl ether
(107 ml.). The ether extract was washed with saturated sodium bicarbonate

solution (2 x 200 ml,) ané dried over aphydrous sodium sulfate. After removal

of the sodium pulfate by filtration and removal of the solvent on a steam

bath, distillation of the product gave: (1) 2-nitrobutane (9.17 g., 0.089 mols,

59.%) as a cclerless ligquid, b.p. 67-70° (80 mm.), nf¥ 1.4058-1.4098,

a33 0.968; MRy (calcd.) 26.33, MRp (found) 26.30, 11t.15 b.p. 140°,
420

14.2%), b.p. 72-92° (1.4 mm.), n%ol.h56h, and (3) a brown residue (1.4 g.).

Redistillation of Fraction 1 gave vggy pure colorless 2-nitrobutane,
b.p. 136-137° (742 mn.), nf0 1.5053; 11t37 b.p. 1400, n&0 1,4036, Its
infrared spectrum (sandwich cell) contsined a strong beud for the mononitro
(6.4 microns) group and no bands for a carbonyl group (5.7 microns), a mono-
nitro group attached to an unsaturated carbon atom (6.5 microns) or a carbon-
carbon double bond (6.8 microus).
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The structure of 2-nitrgbutane was proven by its ccnversicn to methyl ethyl

ket~ne via the Nef reactionl® followed by preperation of methyl ethyl ketone

2,4-d1initrophenylhydrazone, m.p. 115-116.5°. The melting point of the
derivative was not depressed when mixed with an autheantic ssmple.

Procedure 2. - The experiment was conducted as above except 0.86 g.,
0.0375 mole of lithium borohydride wvas used., Distillation of the product
ave: (a) 2-nitro-l-butene (3.60 g., 0.0356 m., 23.7%) and 2-nitrobutane
?6.03 8., 0.0585 mole, 35%) as a mixture (analyzed by refractive index),
b.p. 53-70° (82-83 mm,), (b) crude 5-mothy1-365-d1n1troheptane (1.41 g.,

0.0069 mole, 9.2%), b.p. 55-92° (1.3 mm.), n% 1.4525, and (c) a brown
recidue (1.8 g.).

Procedure 3. - The experiment was conducted as above (Procedure 1)
except the 2-nitro-l-butene solution was added to lithium borohydride

(0.86 g., 0.0375 mole) in 1.5 hours, During addition the mixture was kept
at -1 to +1°; after addition was completed the mixture was stirred for 1 hour
at 0°. Distillation of the product gave: (a) 2-nitro-l-buteme (3.07 g.,
0.0304 mole, 20,3%) and 2-nitrobutane (2.50 g., 0.0243 mole, 16.2%) as

a mixture (analysis by refractive index), b.p. 60-70" (80 mm,), (b) 3-methyl-
3,5-d4nitroheptane (3.49 g., 0.0171 mole, 22.8%), b.p. 96-98° (1.3 ma.),

n%o 1.4594, and (¢) a brown residue (2.k g.).

Procedure 4, The experiment was conducted as above { Procedure 1)
except the 2-nitro-l-butene solution was added to the lithium borohydride
(0.86 g., 0.0375 mole) in 50 minutes. During addition the reaction mixture
was kept at -50 to -55°5 after addition was completed the mixiure was stirred
for 15 min., at -55°, The combined ether extract was alsoc washed with

saturated sodium bisulfite solution (3 x 200 ml,, 5 minutes with each portion),

Distillation of the product gave: (a) 2-nitro-l-butene (0.78 g., 0.0077 mole,
5.1%) and 2-nitrobutane (3,72 g., 0.0361 mole, 24%) a8 a mixture (analysis
by refractive index), b.p. 63-70° (80 mm.), (bs 3-methyl-3,5-dinitroheptane

(0.83 g., 0,00432 mole, 5.76%), b.p. 89-91.5° (1.2 mm.), n8° 13,4503, end
(c) a black residue (0.5 g.).

28. REDUCTION OF 2-NITRO-2.-BUTENE WITE SODIUM TRIMETHOXYSOROEYDRIDE;
2-NITROBUJANE, 3,0-Dif{:THYL-2,k-DINITROEXANE,

Procedure 1. A solution of 2-nitro-2-butene (15.2 g., 0.15 mole) in
ethyl ether 125 ml.) wvas added dropwise in 65 minutes to & stirred suspension
of sodium trimethoxyborohydride (28.8 g., 0.15 mole, +50% excess) in ethyl
ether (150 ml.) and tetrahydrofuran (50 ml.). Turing addition the reaction
mixture was kept at -70°; after addition vas completed the mixture was stirred
for 35 minutes at -T0°., The mixture was then warmed to ca. -200; suddenly a
grey precipitate separated and the temperature rose to ca, + 20°, The
mirture was cooled to O and “scijified in 1.5 hours at O with urea-acetic
acid solution (100 ml.). The mixture was traunsferred to a separatory
funnel and saturated with sodium chloride; the aqueous layer was separated
and extracted with ethyl ether (100 ml.). The combined ether extract was
washed vith saturated sodium bicarbonate solution (2 x 200 ml.) and dried over
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anhydrous sodium sulfate. The sodium sulfats wes removed by filtration;
distillation gave: (1) 2-nitrobutane (9.&8 g., 0.0939 mole, 62.6%) ae a
colorless 1iquid, b.p. 70-73° (80 mm.), qD° 1.4038-1.4057, 453 0,9674;

MRy (celcd.) 26,33, MRy (found) 26,13; 11t.}5 b.p. 140°, 483 0.968,

O — 8. .8 = la -~ aafa -
on 1. Lozs (2) 2 h-atooih;l-0, 5 -dlnivicheadus (1.TH K., 0,000 mols,

11.44) as & green liquid, b,p. 111-112° (1.3 mm.), u20 1.4642-1.4647, and
(3) a residue (0.6 g.).

An infrared spectrum of the 2-nitrobutane (sandwich cell) contained a
strong band for the mononitro (6.4 microns) group and no bands for a carbonyl
group (5,7 microns), a mononitro group attached to &n unsaturated carbon
atom (6,5 microns) or a carbon-carbon double bond (6.0 microns).

The structure of 2-nitrobutane wae proven by its conversion to methyl
ethyl ketone via the Nef reaction16 followed by preparation of methyl ethyl

ketone 2,4-dinitrophenylhydrazone, m.p. 115-116,5°. The melting roint of
the derivative was not Qdepressed when mixed with an authentic sample,

Fraction 2 was redintilled twice to give 3,k-dimethyl-2,4-dinitrchexane
ae a,light yellow 1iquid 't only slightly lower yield, b.p. 78-80° (0.1 mm.),

2 . 2 .
op 14657, d55 1.126; MRy, (calcd.) 50.61; MRp (found) 50.20. Ite infrared
analysis indicated the presence of an aliphatic mononitro group (6.4 microms).

Anal, Calcd. for CgH)gN204: C, 47.05; B, 7.90; N, 13.70.
| Found: C, 47,01, 47.17; H, 7.81, 8.00;
N, 13.82, 13.66.

Procedure 2. The experiment was conducted aes previously except the
sodiun trimethoxyborohydride wae suspended in 280 ml. of ethyl ether, The
same rapid rige in tomperature was noted when the reaction mixture was
varmed to -30°. Distillation of the product gave: {a) 2-nitro-2-butene
(3.19 g., 0.,0316 mole, 21%) and 2-nitrobutane (9.72 g., 0.0942 mole,

62.8%) as a mixture (analysis by refractive index), b.p. 72.5-78° (80 mm.),
and (b) a residue (005 8.)-

Preccedure 3. The experiment wae conducted as previously (Procedure 1)
except tae sodium trimethoxyborohydride wae suspended in 200 ml, of ethyl

ether. The olefin was added in 75 minutes and,after addition was completed,
the mixture was stirred for 125 minutes, The =2ame rapld temperature rise
wes noted when ‘he reaction mixture was warmed to -30°, Distillation of
the product gave: (a) 2-nitro-2-tutene (2.53 g., 0.0251 mole, 16.7%)

and 2-nitrobutane (9.56 g,, 0.0928 mole, 61.9%) ae a mixture (analysis by
refractive index), b.p., 72-8¢° {80 wm.), and (b) a residue (0.5 g.).

29. REDUCTION OF OMEGA-NITRCSTYRENE WITH SODIWM TRIMETHOXYBORQHYDRIDE;
1-NTTRO-2-PHENYLETHANE ; - =2, b

A solution of omega-nitrostyrene (14.9 g.,, 0.1 mole) in ethyl ether
(50 ml.) and tetrahydrofuran (50 ml.) was added dropwise in 95 minutes to &
stirred suspension o” sodium trimethoxyborohydride (19.2 g., 0.1 mole + 50%
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dii excuss) in ethyl ether (125 ml.) 4nd tetrahydrofuran (25 ml.,). During
additicn the mixture was kept at =40 + 2 H after addition was completed the
mixture was stirred fcr 25 minutec at -4O°, The mixture was then acidified
in 40 minutes below 0° with urea-acetic acid solution (70 ml., agueous
solution,2.78 molal in urea and acetic acid), The mixture was saturated

> vitn soaium chioridej the aQueous layer was separatéd and extracted with
¢ ethyl ether (100 ml.). The cCombined ether extract was washed with saturated
scdium bicarbonate solution (2 x 150 ml.). A solid (A) began to separate
in the ether phase; the 80113 (A) was centrifuged, filtered and dried to
give a milky-whits material (2.96 g.), m.p. 255° gdeC.L as yet unidentified.
After drying the ether layer over anhyirous sodium sulfate and removal of

the solvents on a stesm bath, distillation gave: l-nitro-2-phenylethaue

(5 83 g., 0.0386 mole, 38, 6%5 as a colorless 1iquid, b.p. 73-74.50 (0.5 wm.),

"n 1.5266-1.5273, 453 1,1314; MRy, (calcd.) 41.37, MR (found), 41.08; «
t.17 b.p. 128-135° (14 mm.); 1it.17 b.p, 249-251° (763 wm.); 1it.17 195-135°

(1 mm.), and (2) a distillation residue (5 g.). The infrared spectrum of

l-nitro=-2-phenylethane (sandwich cell) contained bands for a mononitro

group (6.35 microns) and a mono-substituted benzene ring (13.3 and 14.3
microns).

XL s

T3 Y RN TR

Solid A is insoluble in ether, Skellysolveg, benzens, methancl,
ethanol, water, Carbon tetrachloride, c¢hloroform, acetone, and acetic
acid at their bolling points, Its infrared spectrum im Nujol exhibits
strong bands for a munonitro group (6.4 microns) and a mono-substituted
benzene ring (13,6 and 14,55 microns). Oxidation cf the soiid with alkealine

qii sodium permanganate gave benzoic acid., The solid dissolves in warm
ethanolic scdium hydroxide to yield a dark red solution; however, under
conditions of the Nef reection, the reaction mixture did not yleld a
derivative vhen treated with 2,4-dinitrophenylhydrazine. Analysis of the
solid, presumably one of the racemic pairs of the structure: 2,4-diphenyl-
1,3=-dinitrobutane gave tne following:

-

4

o/l

6_‘.’1—6&. Calcd. for cleHlsN204: c, 63099; H/ 537; N) 9-'35,
Found: C, 63.90, 63.83; H, 5.22, 5.13;
N, 9.53, 9.24,

The distillation resliue (5 g.) crystallized to a rasty, amber solid;
the residue was then diessoived in boiling ethamol & vzite eolid (B)
separated from the etharol solution on cooling; reeryvatailizavion from hot
ethanol gave 1,3-dinitrc.2,4-diphenylbutane (3.57 &.; ©.0118 w~ls, 23,6%)
as white plates, m.p. 120.5-121.00, Its infrared apectrum (0.2 rolar ir
chloroform) contained bands for a monomitro group (4.0 microns) and a
mono-substituted benzene ring (14.4 microms),

S Lo

M!’nﬂnmm o s ESORD B gt
g ot
-

Anal, Calcd, for ClGBIGN2o4: c; 65-99; “ 5.373 N; 9.33,

Found: C, 63.90, 63 83, s 5.22, 5.13;
9.53, 9.24,
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o 30, FEEACTION OF ‘:Exmag;gggggnxngzgﬁnz_@xb OMEGA -NITROSYTRENE;
1, 3-DIRITRO-2,:-DI PEENYLBUTAKE .

iy

A solution of omega-nitrostyrene (2.98 g., 0.02 mole) in ethyl ether
(20 m1.} was added dropwise in 30 minutes to & solution of l-nitro-2-
ynouyieinane(l.Ue g., U.02 mole) and Triton B (1 ml.) in ethyl ether
(20 m1,) and methancl {5 ml., enough to make the reaction mixture
homogeneous). During addition the mixture was kept at 0°; after addition
was completed the mixture was stirred at 5° for 1.5 hours. The mixture
was acidified with 2 N hydrochloric acid (3 ml,). During reaction a white

s01id formed; this solid (2.71 g.) was filtered and air dried. The filtrate
wvanr saved,

E-,
[
;

The white s0l1id isolated is insoluble in all common organic solvents.
Its mslting point, ca, 255-260°, is not depressed when it is mixed with a
sample of substance A isolated from reduction of omega-niirostyrene with
scdium trimethoxyborohydride, It is tentatively assumed that this product
is of the structure: 1,3-dinitro-2,k-diphenylbutane.

The filtrate that had been saved was reduced to a volume of 3-k ml,
and then dissolved in ethyl ether (50 ml.). The ether solution was washed
with saturated sodium bicarbonate solution (50 ml,) and dried over anhydrous
sodium sulfate, After removal <f the sodium sulfate by filtrution and
removal of the solvent on a steam bath, distillation gave:ﬁ) 1~nitro-2-
phenylethane(1,62 g., 0,0107 mole, 53.5% recovery), b.p. 84-85° (1.2 mm.),
’G D%O 1.5270; and (2) a residue (1.5 g.).

The unidentified. white s0lid isolated in this reaction is insoludble
in all common organic solvents, The melting point, ca, 255-260°, is not
depressed when mixed with & sample of the unidentified white solid isolated
in the reaction of sodium trimethoxyborohydride with omege~nitrcut rene.

31, PREPARATION OF 4-NITRO-3-HEPTENE.

(a) L-Nitro-3-Heptanol. Propanal (116,2 g., 2 moles) was added at
30-35° 1in ca. one hour to a solution of l-nitrobutene (106.2 g., 2 moles)

in 95% etharol (200 ml,) and 10 N sodium hydroxide {4 ml.). When approximately
two thirds of the aldehyde had been added, additional 10 N sodium hydroxide
(4 w1.) in water (15 ml.) waB added, After 48 hours the mixture was
neutralized with 2 K hydrochloric acid, After removal of all umreacted
material ard solvents on a steam bath and under vacuum, distillation gave:
L-nitro-3-heptanol (248.3 g., 1.54 moles, 77%) as a greenish-yellow liquid,
b.p. 75.8-83.55 0.7 m.), 50 1.4460-1.44Th, Redistillation of the
compound gave a pure, light Yyellow product, b,p, 71-71.5° (0.5 mm.),
080 1.4475, 483 1.0324; MRy (calcd.) 41,79, MR, (found) 41.76.

Anal., Calcd, for CoH,sNOs: C; 52.15; H, 9.38; N, 8.69.

Found: C, 52,62, 52,733 H, 9.k2, 9.41;
N, Bohs’ 8053.
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An infrared spectrum of 4-mitro-3-heptanol (sandwich cell) contained i
bands for the mononitro (6.4 microns) and hydroxyl (2.9 microms) groups.

(v) 3-Acetoxy-b-Nitroheptane. Acetic anhydride (129 wl., 1.2 moles +
5% excess) was added dropwise in DO minutes at 40-50° $o0 4-nitro-3-hevtanol
{i50.% 8., 1.2 moies) containing sulfuric acid (1 wl.). After addition
was completed; the mixture was stirred for 2 hours. The mixture was
diluted with ethyl ether (200 ml.), washed with water (2 x 100 ml.),
neutralized with sodium bicarbonate, washed with saturated sodium bi- 3
carbounate solution (2 x 200 ml.), vashed with sodium chloride solution
(100 ml.) and driad over anhydrous sodium sulfate, After removal of the :
sodiur sulfate by filtration and removal of the solvents cn a steam bath,
distillatiou gave: 3-acetoxy-li-nitroheptane (216.9ﬁ5., 1.07 moles, 89%)
as a light yellow 11qu1a,"b§.p. 75.5-7§g il wm.), of’ 1.4339-1.4362.
Redistillation of the compound gave a very pure, Colorless product,

b.p. 69° (0.1 mm.), 280 1.4352, 88 1.0409; MBp (calcd.) 51.12, MRp (found)
50.97.

Anal, Calcd. for CgR;sNO4: C, 53,19; H, 8,43; N, 6.89.
Found: C, 53.32; 53.21; H, 8.27, 8.38;
N, 6.86, 6.90.

An infrared spectrum of 3-acetoxy-i-nitrcheptane (sandwich cell)
contained bands for carbonyl (5.7 microus), mononitro(6.4 microns), and
acetate (8,1 microns) groups.

(¢) L-Nitro-3-Hept:ns. 3-Acetoxy-t-nitroheptane (131.,5 g., 0.65 mole)
and sodium acetate (3.2 g.) were heated et 115° (12 mm.) in a modified
Claisen flask equipped with a 20 cm, Vigreux column with downward condenser
and iced receiver; the reaction product distilled at 75-85° (12 mm). The
distillate in ethyl ether (300 ml,) was washed with saturated sodium
bicarbonate solution (2 x 200 ml.) and dried over anhydrous sodium sulfate.
After removal of the sodium sulfate by filtration and removal of the
solvents on a steam bath, distillation gave: L-nitro-3-heptene (67.6 g.,
0.473 mole, Z .8%) as a light green, lachrymetory liquid, b.p. 70-70.50

(5.2 e=.), of” 1.4564-1,4585,

An infrared spectrum of 4-nitro-3-heptene (sandwich cell) contained
a strong band for e nitro group attached to an unsaturated carbon atom
and weak bands for a moncnitro group (6.4 microns) attached to a saturated
carbon atom and for a carbon<carbon double bond. The contaminant is
probably L-nitro-2-heptene producsd in the deacetylation reaction.

32, REDUCTION OF 4-NITRO-3-HEPTENE WITH SODIWM TRIMETEOXYBOROHYDRIDE;
-NITROHEPTANE.

Procedure 1. A solution of L-nitro-3-heptens {15.75 g., 0.1l mole)
in ethyl ether 325 ml.) wus added dropwise in T hours to a stirred suspension
of sodium trimethoxyborchydride (21,11 g., 0.1l mole, plus 50% excess)
in ethyl ether (125 ml.) and teirahydrofuran (50 m1.5- During addition the

s
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reaction mixture was kept at 0° 1 1°; after additicn was completed the

mixture was stirred for 3 hours at 0°, The mixture was them acidified

below 0° in one hour with urea-acetic acid solution (75 ml., aqueous sclutiom,

2.78 molal in urea and acetic acid). The amixture was saturated with sodium

chloride; the aqueous layer was separated and extracted with ethyl ether

(100 m1:5; The combizsld Sluor  exvracty was washed with saturated sodium

bicarbonate solutica (2 x 150 ml.) and dried over anhydrous sodium sulfate.

After removal of sodium sulfate by filtration and removal ef the solvents !
on a steam bath, distillation gave: (a) L-nitrcheptane (8.80 g., 0.0606 1
mole, 55%) 22 = light yellow 1iguid, b.p. GO~710 fg.a mm.), ngl 1,4236-

1.h2§2; (b) a mixture of 4enitro-3-heptene and L-nitrcheptane (1.30 g.),

b.p. 72° (8,3 mm.), oy 1.4330; and (c) an unidentified product (1.70 g.),
b.p. 7T7-83° (1.1 mm.), DBO 1.L465-1.4459, Two redistillations of the

L-nitroheptane gave a v8ry pure, colorlesg product in ali%htly lower yield,
b.p. 70-7i° (9 mm.), o’ 1.h22k-1,4236, a59 0,9269; MRy (calcd.) 40,27,
MRp (found) 39.92; 11t.18 b.p. 90° (25 mm.), g2 1.4200, af2 0.919.

An infrared spectrum of the Lenitroheptane (sandwich cell) contuined
a strong band for the moncnitro group (6.4 microns). An infrared spectrum
of the unidentified product (sendwick cell) contained a strong band “or
the mononitro group (6.4 microns) aud weak bands for a carbonyl group
(5.8 microus) and amino group (2,95 and 6.1 microns); further studies of
this product are now in progrese.

The structure of h-qitroheptane was proven by its conversion to
L-heptanone via the Hefll reaction followed by preparation of L -heptanone
2;4-dinitrophenylhvdrazors in 45% overall yield, m.p. T4-75.5°. The melting
point of the derivative was not depressed when mixed with an authentic
saample.

Procedure 2. The experiment was conducted as previocusly except the
nitroolefin was added in 70 minutes at 0° and the mixture was rtirred for
30 minutee et 0°, Distillation gave: 4-nitro-3-hepteme (4.89 g . 0,0342
mole, 31%) and h-nitroBOptane (8.07 g.,0.0555 mole, 50.5%) ap = mixture,
b.p. 67-80° (9 mm.), g 1,4215-1.4497. The reaction time in this
experiment was too sh to effect complete reduction,

Procedure 3. The experiment was conducted as previously except the
niiroolefin was added iu 70 miputes at -40° and the mixture was stirred
at -40° for 30 minutes, Distillation gave: 4-nitro-3-hepteme (4.38 g.,
0.0306 mole, 27.9%) and L-nitrohsptane (6.48 g., 0.044G mole, 40,5%)
as a mixture, b.p. 69-81° (9 mm,), n§° 1.‘4259-1.%70. The reaction time in
this experiment was too short for complete reduction.

S P TR

Y A

35. EREDUOTION CF 4-NITRO-3-BEPTENE WITE LITHIIM BOROEYDRIPE; k4-NITROHEPTANE.

023 bl W

Procedurs 1. A solution of benitro-3-heptene (15.75 g., 0.11 mole) in
ethyl ether (25 ml.) was added dropwise in 4 hours to a stirrcd suspension

of 1lithium borohydrids (1.18 g., 0.055 mole) in ethyl ether (125 ml.)
and tetrakydrofuran (25 ml.,), During sddition the reacticn mixture was
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at -65 to -T0%; after addition was Completed the mixture was stirred
2

for b hours at -65 to -70°, The mixture was then acidified in 45 minutes
below 0” with urea-acetic acid solution (100 ml., agueous solution,2,78
molal in urea and in acetic acid). The mixture was saturated with sodium
Chloride; the aquecus layer was separated and extracted with ethyl ether
(100 ml-;- The combined ether extract wm= <zghod witn saturated sodium
Vicarvouate solvtion (2 x 150 ml,) and dried over anhydrous sodium sulfate,
After removal of the sodium sulfate by filtration and removal of the
solvants on a steam bath, distillation gave: {(8) a mixture of b-nitroheptane
and 4-nitro-3-heptene (12.16 g.) as a ligat yellow liquid, b.p. 69.3-71.3°

(8-8.2 mm,), n%O 1.&213-1.&519; and (b) a 1light yellow liquid (1.55 g.),

b.p. 53-75° (1 mm.), of0 1.4450-1.4520, as yet unidentified, The mixture

of Lkenitro-3-heptene and b-nitroheptane was purified upon solution in

ethyl ether (100 mwl.) by extraction with saturated sodium bisulfite

solution ( 3 x 75 wl., 5 minutes with each portion); the ether layer was

then dried over anhydrcus sodium sulfate., After removal of the sodium

sulfate by filtration and removal of the solvents on a stcam bath, distillation
gave: Y-nitroheptane (10.39 g., 0.0715 mole, 65%), nso 1.k223~1,4234,

dgg 0.9249;: MRp (calcd.) 40,27, MRy (found) 39.99; 11t.18 b.p. 90° (25 ma.),
ng§° 1.4200, &2 0,919,

An infrared spectrum of the l-nitroheptane (sandwich cell) contained
8 band for the moruailtro group (6.4 microns). Infrared spectra of +the
high boiling product (b; collected in 4 fractions) showed the p-esence of
a mononitro group (6.4 wi~rons), a nitro group attached to a carben atom
of a carbon-carbon double bond (6.5 microns), a carbonyl group (5.7 microns)
and possibly an amino greup (3.0 and 6,2 microne); further characterization
of this material is yet to be effected.

Procedure 2. The experiment was conducted as previously except the
nitrociefin was added in 3.5 hours at 0° and then the wmiziure w27 shirred
at 0° for 2 hours. Distillation gave: (a) crude b-nitroheptans (5.57 g.,
0,0452 mole, 44.7%) as a colorless 1iquid, b.p., 63.8-71° (8,1-3.% T )
og0 1.&250-1.&2736 (b) an unidentified 1iquid (2.3 g.), b.p, 71-75°
(4.1-5.2 om.), n% 1,4419-1.4478; and (c) an unidentified liquid (2,0 g.),
b.p. 60-64° (0,2-0,3 mm,), n%o 1,449241,4507,

An infrared spectrum cof the Y-nitroheptane (sandwich cell) contained a
strong band for the momonitro group (6.4 microms). An infrared spectrum
of proinct (b) couvained & ver wesk band for & moronitro group (6,4 micronms)
and a zedium strong band for a nydroxyl group, An infrared spectrum of
product (¢) contained a band for an amino group (3.1 and 6.2 microns), but
no band for a wononitro group (6.4 miCroneﬁ. On the bssis of infrared
results 1t is suggested tnat product (b) is di-n-propyY hydroxylamine and
that vroduct (c) is h-aminoheptane; further studies of this system are now
ia progress.
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34. REDUCTION OF 3,3, 3-TRICHLORO-1-NITROPROPENE WITH SODIUM TRIMETHOXY-
BOROHYDRIDE; 3 ,1,1~TRICHLO OPROPANE; 1~TRT 5Dl
NITRO-4-~TRICHLOROMRTHYLPENTANE, - - N e R S PE P B

....... . PP Y .

A solution of 3,3,3-triChloro-l-nitropropene (15.20 g., 0.08 mole)
in ethyl ether (25 m1=5 wma 233-3 diupwises 1n (U minutes tc a stirred
suspension of sodium trimethoxyborohydride (15.3 g., 0.08 mole + 50%

axcess) i ethyl ether (125 ml.) and tetrahydrofuran (50 ml.). During
addition the reaction mixture was kept at -h0° 1 2%; afjer addition was
completed the mixture was stlrred for 30 minutes at -4O . The mixture was
then acidified in 45 minutes below 0° with urea-acetic acid soiution (50 ml.,
aqueous solution,2.78 molal in urea and acetic acid). The mixture was
saturated with sodium chloride; the aquecus layer was eseparated and extracted
with ethyl ether {100 ml.). The combined ether extract was washed with
saturated sodium bicarbonate solution (2 x 150 ml.) and dried over anhydrous
sodium sulfate. After removal of the sodium sulfate by filtration and
removal of the solvents on a steam bath,the mixture wes set in a refrigerator
for 3 @ays. A crystalline solid separated from the reaction mixture during
this pericd. The s0lid was filtered and washed with methanol (5 ml.); the
methanol washiuge were conCentrated using a steam bath. The oily residue
wvas placed in a refrigerator and allowed to Crystallize., By repeating

the previvusly described procedure, three crops of a crystalline solid

were obtained: (1) 2.58 g., m.p. 150-151°% (2) 1.33 g., m.p. 149-150° and
(5) 0.@ 80’ mopo 11&9-1500.

The filtrates from the above crystallizations were distilled (I)
and gave: 1,l,1-trichloro-3-nitropropane (6.77.g., 0.0354 mole, 4l.2%)
as a coloriess 1iquid, 5.p. 91-920 (9 mm.), nf® 1.3886-1.4900. Redistillation
of the product gave a material of anslytical purity, b.p. 70-71.3° (3 mm.),

o0 1.4899, 450 1.5347; MRy (calcd.) 36.13, MR (found) 36.25.

Aunal. Calcd, for CaH,ClaNOz: C, 18.72; H, 2.10; N, 7.28.
Found: C, :5.13, 19.10; B, 2.13, 2.30;
N, 7.11, T.1lk.

The residue (2.3 g.) from the initial distillation (I) of 1,1,l=
trichloro-3-nitropropane was dissolved in hot methanol (10 ml.); the
mixture was then Cooled in a refrigerator and gave an additional crop
(4; 0.38 g.) of the white crystalline solid, m.p. 147-148°, The crops of
8olids vere comtined and recrystallized twice from hot carbontetrachloride
to give a product identified as 1.1, 1-trichier  S~d 1111 chlorom
methylpettare(4.0 g., 0.01285 mole, .
B, P [ 4 '&)0‘151vo

Ansl, Calcd. for CeHeClgN204: C, 18.82; B, 1.58; N, T.32.
' Found: C, 18.79; 18,76; E, 1.72, 1i.T%;
N’ 7. 50’ 7.26.
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The infrared spectrum of 2,1,l-trichloro-3-nitropropane (sandwich
cell) ccntained strong bands for a mononitro group (6.35 microns), a
trichloromethyl grcup (12.5 microns)and a carbou-chlorine tond (14.4

microns). The infrared spectrum of 1,1,l-trichloro-3,5~&initiosdhi-trichioro~- '
methylnen-me (002 molar in Ch’h"ﬁ?nﬂl_) contaiIne.. atyans nsnne rnar o

-0 -

menonitro grour (6.35 microns) and a trichloromethyl group (12.4 microms).

o e

35. REDUCTION OF 7,3, 3-TRICHIORO-1-NITROPROPENE WITH LITEIUWM BOROHYDRIDE;
Ll.;JI’RIC‘HIDRO-zNITRO OPANE ,
Procadure 1. A solution of 3,3,3-trichloro-l-nitrovropens (%0.4 g ,
0.16 mole’ in ethyl ether (50 ml.) was added dropwise in 3.5 hours to a 3
stirred suspension of lithium borohydride (1.74 g., 0.08 mole) in ethyl
ether (250 ml.) and tetrahydrofuran (50 ml.). During addition the reaction
nixture was kept at -700 t 20; after addition was completed, the mixture
was stirred for 3.5 hours at -70°, The mixture was then acidified telow Q°
in one hour with urea-acetic acid solution (150 ml., aguecus solution,
2.78 molal. in urea and acetic acid). The mixture was saturated with sodium
chloride; the aqueous layer wes extracted with ethyl ether (2 x 100 ml.).
The combined ether extract was washed with saturated socdium bicarbonate,eried with
sodium sulfate, After removal of the sodium sulfate by filtration and
removal of the solvents on a steam beth, distillation gave: 1,1.l-trichloro-
3-nitropropene {26.09 g., 0.136 mole, 85%) as a colorless liquid,
5Tp.B6. =663 (2. 1-2.3 mm. ), 080 1.4905-1.4910,

An infrared svectrum of the 3,3,3-trichloro-l-nitropropane (sandwich
cell) contained strong bands for a mononitro group (6.35 microns), a
trichloromethyl group (12.5 microns) and a carbon-chlorine bond (14.4 microms).

Procedure 2. The experiment was conducted as previously except one-
half of all materials was ueged,ard the 3,3,3-trichloro-l-nitropropene was
added in 3.5 hours at -4CC and then stirred for 2 hours at -40°, Distillation
gave: 1,1, 1-trichloro-3-nitropropane (7.38 g., 0.0386 mole, 48.3%) as =
colorless liquid, b.p. 67~ 2.3 mm.), nf” 1.h91h-%6h939. Redigtillation
gave a very pure product, b.p. 67-67.7° (2.3 mm.), nf~ 1.4905, d% 1.5375;
MRp (calcd.) 36.13, MRp ffcund) 36.22.

36. REDUCTION OF ~TRICHLORO«1-NITRCPRCPENE WITH LITHIUM ALUMINUM
HYDRIDE; 1,1,)-TRIV 0~5 -NITROPROPANE .

A solution of 3,3,3-trichloro~l-nitropropene (19.0 g., 0.1 mole) in
ethyl ether (25 ml.) was added dropwise in 3.5 hours ‘o a suspension of
lithium aluminum hydride (1.0 g., 0.025 mole, plues 5% excess) in ethyl
ether (125 ml.) and tetrahydrofuran (25 ml.). During addition the reaction
mixture was kept at -70°; after addition was compl.ted the mixture was
stirred for 3.5 hours at -70°. The mixture was acidified in 45 minutes below
0° with urea-acetic acid solution (5C ml., 0.278 molal in urea and in acetic
acid). The mixture was saturated with sodium chloride; the aqueous layer
was separated and extracted with ethyl ether (100 ml.). The ccmbined
ether extract was washed with saturated sodium bicarbonate (2 x 150 m1,) and
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dried over anhydrous sodium sulfate., After removal of the sodium sulfate
by filtration snd removal of the solvents on a steam bath, distillation
gave: 1,1,l-trichloro-}-nitropropane and %.3%. E-friahwnrn_1_n4 ----------

—— e v e wEUMO

as o mixture (15.24k g.), b.p. 61-68° {2.3 am.), nD 01.4926-1.5034. The

above mizrture in ethyl ether (150 m;.) was wvashed with saturated sodium

bisulfite solution (3 x 150 ml., 5 minutes with each portion) and dried

over anhydrous sodium sulfate., After removal of the sodium sulfate by

Tiltration end removal of the solvents on a steam bath, distillation gave
~trichloro-3-nitropropane (8.43 g., 0.0438 mole, 43.8%) as a crlorless

1iquid, b.p. &5- 2.2 nm.), nﬁ 1.4911-1.4923, 433 1.5375;

MRy (calcd.)} 36. 13; MRp (found) 36,28, &

37. ERZDUCTION OF 5,5,6,6,7,7,7-HEPTAFLUORO-3-NITRO-3-EEPTENE WITH SODIWM

TRIMETHOXYBOROHYDRIDE ; 1'111:2:2!2:2‘HEPTAFLJVMC-£—“ [TROHEPTANE 3
929:0,6,7,7,7-HXPTAFLUORO~3-HEPTANONE .

A solution of 5,5,6,6,7,7,T-heptafluoro~3-nitro-3-heptene (15.3% g.,
0.057 mole) im ethyl ethar (25 ml.) was added dropwise in 2 hours to a
stirred suspension of sodium trimethoxyborohydride (10.9%4 g., 0.057 mole
+ 50% excess) in ethyl ether (125 ml.) and tetrahydrofuran (25 ml.).
During addition the reaction mixture was kept at -60 to -65Y; after
addition was completed the mixture was stirred for 1 hour at -60 to -65°.
The mixture was then acidified in 45 minvtes below O° with urea-acetic
acid solution (75 ml., agqueous solution, 2.78 molal in urea and acetic
acid). The mixture ~as saturated with sodium chloride; the aqueous layer
wvas separated and extracted with ethyl ether (100 ml.). The combined
ether extract was washed with saturated sodium ticarbonete solution
(2 x 150 m1.) and dried over auhydrous sodium sulfate. After removal

of the sodium sulfete by filtration, distillation gave, after removal

of the solvent, 5‘L,1,2,2,2,2-heg§afluoro-ﬁ-nitrohestane (14.07 g.,

0. 052 mole, 91%) as a colorless 1iquid, b.p. 3-25 mm.?,

80 1, 3851, 3491, 483 1.4286; 11t.10 b.p. 60° (9 mn.), n20 1,3493. The
infrared spectrum of 1,1,1.2,2.%,3~heptafluoro-5-nitroheptéine (sandwich

cell) contained st.ong bards for the mononitro group (6.25 microns) and
for carbou-fiuorine bonds (8,0-8.5 microns).

A solution of 1,1,1,2,2,3,3-heptafluoro-5-nitroheptane (1 g., 0.00369
mole) in methanol (10 ml. ) was added to a solution of sodium hydroxide
(0.4 g., 0.01 mole) in water (10 m1 ) and kept at O° for 18 houre. '"his
solution was added dropwise at 0° to concentrated sulfuric acid (2.5 ml.)
in vater (12 ml.); a solution of 2,4-dinitrophenylhydrazine was added.

An o1l separated and was crystallized from hot ethanol; four recrystallizations
from hot ethanol gave 6,6,7

9,5,6,6, EI,Z-hepgafluoro-Q-heptanone 2,4-diritre-
rhenylhydrazous (0.71 g., 0.00185 mole, 50%) as orange needles, m.p. 125-124°,

Anal. Calcd. for C;oF-H; 1N 04: C, 37.15; H, 2.64; N, 13.33,

Found: c) 37‘75’ 57-625 H, 2-99} 2‘855
N, 13.51, 13.56.
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39
38, REDUCTION 0 646,757, T-REPTAFLUCRO=3~NITRO- WITH LITHIWM
n&&ﬁﬁEL%afaz -nmum®$§mmmmmm- -
S mn:j::wnoji- mnoii:mj §EE-D: INITROPRENYLHYDRAZONE .

A solution of 5.5.6.6.7.7.7-hanta®lusrs.X.oi4rs-3-hophons (10«0 K.,
0.057 mole) in ethyl ether (25 ml.) was added dropwise in & hours to a
stirred suspénsion of lithium borohydride (0.62 g., 0.0285 mole) in ethyl
ether (125 ml.) and tetrahydrofuran (50 ml.)., During additior the reaction
mixture vas kept at -60° 2 2°; efter addition was completed the mixture
vas stirred for 4 hours at -60°, The mixture was acidified in 45 minutee
below 0° with urea-acetic acid solution (75 ml., an aqueous solution,2,78
molal in urea and acetic acid). The uixture was saturated with sodium
chloridej} the aquecus layer was separated and extrected with ethyl ether
(100 al.g. The combined ether extract was washed vith saturated scdium
bicarbonate solution (2 x 150 ml.) and dried over anhjdrous sodium sulfate.
After removal of the sodium sulfate by filtration and removal of the
solvents on a steam bath, distillation gave: 1.1,1,2,2,2ii-hegﬁgfluotgziz
nitroheptane (14,08 g.é 0.052 mole, 9113 ag a coioriess. liquid, b.p. 79-

» 24 ,5-25 mm, ), nDO 1,3488-1, 3496, . a§8 1.4254; 11¢d0 b.p. 607 (9 mm.),
o0 1.,.3493.,
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An infrared spectrum of the I,1,1,2,2,3,3-heptafluoro-5-nitroheptane
(sandwich cell) contained strong bands for the mononitro group (6.35 microns)
and carbon-fluorite bonds (8.0-8,5 microms).

TN

A solution of 1,1,1.2,2,3,3-heptafluoro-5-nitroheptane (1 g., 0.00369

- mole) in methanol (10 ml.) was added t~ a solution of sodium hydroxide

G (0.4 g., 0.01 mole) in water (10 ml.) and kept at 0° for 18 hours. This
solution was added dropwise at 0° to concentrated sulfuric ecid (2.5 ml.)
in wvater (12 ml.); a solution of 2,4-dinitrophenylhydrazine was then
added. An oll separated vhich was Orystaliized from hot ethanol; four
rocrystallizations gave 2,2,6 6,7,7,T-heptafluoro-3-heptanone 2,4h-dinitro-
phenxlggggggone (0.83 g., 0.0021% molse, §§.5¢5 as orange needles, m.p.
123«124°, The melting point was not depressed when mixed with a sampla
prepared in the previous experiment.

39. KREDUCTIOR OF 2.2,6.6,:[.7.7-EEMJORO-Z:NIIRO-*-‘ HEPTENE WITH LITHIWM
ALUMINUM BYDRIDE; 1,1.1,2,2,%,3-EEPTAFLUORO-5-NITROHEPTARE,

A solution of 5,5,6,6,7,7,T-heptafluoro-3-nitro-3-heptene (15.34 g.,
0,057 mole) in ethyl ather (25 ml.) was added dropwise in 3 hours to a
stirred suspension of lithium aluminum hydride (0.65 g., 0.01625 mole +
20% excess) in ethyl ether (125 ml.) and tetrahydrofuran (25 ml.). During
addition the mixture was kept at -65 to -70%; after addition was completed
the mixture was stirred at -60 to -70° for %.5 hours. The mixture was then
acidified ir 25 minutes beiow 0° with urea-acetic acid solution (35 ml.,
aquecus golution,2.78 molal in urea =nd 4a acetic acid)., The mixture was
saturated with sndium chloride; the aqueous layer was separated and
extracted with ethyl ether {100 ml.). The combined ether extract was

washed vith saturated sodium bicarbonate solution (2 x 150 ml.) and dried
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over anhydrous sodium sulfate. Filtration, removal of solvents.cn &
stean bath, and distillation gave: 1,1,1,2,2.3,3-heptafluoro-5-nitroheptans
(13.17 g., 0,0486 mole, 85.3%) ge a €o orless 1iquid, b.p. 18.5=78.7°
%3 mm.), nﬁé 1.3490-1,3497, dgo 1.4277; 11,10 b.p, 60° (9 mm.),
1.3493,

40

An infrared epectrum of the 1,1,1,2,2,3,3=heptafluoro-5-nitroheptane
(sandwich cell) contained strong bands for the mononitro group (6.35
microne) and the carbon-fluorine bond (8.0-8,6 microns).

4O, ATTEMPTED HETEROGENEOUS REDUCTION OF 5,5,6,6,7,7,7-BEEPTAFLUORO=3-
RITRO~-3-HEPTENE WITH SODIWM BORCHYDRIDE.

SR S e SRR

A solution of 5,5,6,6,7,7,7-heptafluoro=3-nitro-3-heptene (6.72 g.,
0,025 mole) 1o ethyl ether (20 ml.) was added dropwise in 3 houra to a
suspension of sodium borohydride (0.47 g., 0.0125 mole) in ethyl ether ;
(65 ml.) and tetranydrofuran (20 ml.)., During acdition the reaction '
mixture was keot et -65°; after addition was ~-ampleted the mixture was
stirred at -65b for 3.5 hours., The mixture was then acidified in 20 minutes
below 0° with urea-acetic acid solution (25 ml., aqueous solution, 2,78
molal in urea and in acetic acid). The mixture was saturated with sodium
chloride; the aqueous lsyer was separated and extracted with ethyl ether
(50 ml.). The ether extracts were combined and washed with saturated
sodium bicarbornete solution (2 x 100 m1,) and dried over anhydrous sodium
sulfate. After removal of the sodium sulfate by filtration ~nd removal
of the solvents on a steam bath, distillation gave: 5,5,6,5,7,7,7-hepta-
fluoro-3-nitro-3-heptene (5.38 g., 80% reCOESry), the initial olefin, as &
1ight green 1liquid, b.p. 77-78° (79 mm.), 1.3590-1.3597. The physical
constants of the initial material, 5,5,6,66 »7;7=-heptafluoro-3-nitro-3-
heptene} are: b°p' 78-5"79-50 (75 m-)) DB 1-3596-

41, REDUCTION OF 4,4,5,5,6,6,5-BEEPTAFLUORO~2-NITRO-2~-FEXENE WITH SODIWM

TRIMETBOXYBCROHYDRIDE; 1 21132,2,3 ,i-ﬁEP’l‘AFLUORO- 5Nl TRUDAXANE .

A adlution of 5,5,6,6,7,, (-heptafluoro-2-nitro-2-hexene (7.50 g.,
0.0294 mole) in ethyl ether (25 ml,) was added dropwise in 2 hours to a
stirred suspension of sodium trimethoxyborohydride (5.76 g., 0.0294 mole
+ 50% exCess) in ethyl ether (75 ml.) and tetrahydrofuran (25 ml.).

During addition the reaction mixture was kept at =65 to -70°; after addition

was completed the mixture was stirred for onme hour at =65 to -70°, The

nixture vas then acidified in 30 minutes below O° with urea-acetic acigd

solution (25 ml., aquecus solution,2.78 molal iu urea and acetic acid).

The mixture was saturated with sodium chloride; the aqueocus leyer was

separated and extracted with ethyl ether (100 ml,). The combined ether i

extract waa washed with saturated sodium bicarbonate solution (2 x 75 ml.) 3
and dried over anhvdrcus scdium sulfats. After removal of the sodium

sulfate by filtration and removal of the solvents on a steam bath,

distillation gzve: 1,1,1,2,2,3 ,3heptafluoro-5-nitrohexane (6.34 g.,

0é 47 mole, 84%) as . coloriess liquid, b.p. 77-78.8° (39-40 mm.),

oy 1.3405-1.3409, 483 1.4861; 11t.10 b.p. 64° (23 mm.), 080 1.3%12, Ap
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infre .ed spectrum of the,1,1,1,2,é,j,3-heptaf1uoro—§-nitrohexane contained
e strong band for the mononitro group (6.35 microns) and for carbon-
fluorine bonds (8.0-8.4 microms).

L2. REDUCTTON or L-h 8 & € € & noTTATLUCRO~C~N1InU=-2-HEXNE WITH LITHIUM

DOROHYDRIDE; T,l,l.2|2lz.i-HEPTAFLUORO-E-NITBOHEXANE.

A adlution of 4,4,5,5,6,6,6-heptaflucro-2-citro-2-hexene (7.50 g.,
0.0294 mole) in ethyl ether z25 ml.) was added dropwise in 4 hours to a
stirred suspension of lithium borohydride (0.33 g., 0.015 mole) in ethyl
ether (75 ml.) and tetrahydrofuran (25 ml.). During addition the reaction
mixture wes kept at -€5° * 20; after addition was completed the mixture
vas stirred for 4 hours at =65 to -70°, The mixture was then acidified
in 30 minutes below 0° with urem-acetic asid solution (35 ml., agueous
solution,2.78 molal in urea and acetic acid). The mixture was saturated
with scdium chloridej the aqueous layer was separated and extracted with
ethyl ether (100 ml.g. The combined ether extract was washed with saturated
sodium bicarbonate solution (2 x 100 ml.) and drisd over anhydrous sodiunm
sulfate., Aftei removal of the sodium sulfate by filtration and removal
of the solvents on a steam bdath, distillation gaves 1,1,1,2,2,3,3-nepta-
fluoro-5~nitrohexane (6.64 g,, 0.0258 mole, 87,8%) as a colorless liquid,
b.p. 76.5-77.5° (38 mm.), 6 1.3405-1,3410, A58 1.4861; 11tdC b,p, 640
(23 mm.), 1,3412, Ar infrared spectrum of the 1,1,1,2,2,3,3-heptafluorc-
S-nitrohexane contained a strong band for a mononitro group (6.35 microns)
and for carbon-fluorine bonds (8.2 micromns).

43, REDUCTION OF D-ARABO-TETRAACETOXY-1~NITROHEXENE; 1-NITPO-1,2-
DIDESOXY-D-ARABO-BEXITOL TEIHAACETATE,

A solution of D-arabo-tetranCetoxy-l-nitro-l-hexene (1.0l g..
0.0028 male) iz gbscluts ethanol {10 ml.) was added dropwise in 45 minutes
to a stirred suspension of sodium borohydride (0.12 g., ©.001k wole) in
absolute ethanol (10 ml.). During addition the mixture was kept at 00;
after addition was completed the mixture was stirred for 2 hours at 0°,

The mixture was then acidified below O° in 10 minutes with urea-acetic
acid solution (3 ml,, 0.278 molal in acetic acid and in urea). The reaction
mixture wvas reduced to 8 volume of about 5 ml. on a steam bath and under
vacuum, This mixture was taken up ic ethyl ether (4O ml.), wasbed with
saturated sodium bicarbonate solution (2 x 15 ml.) and dried over anhydrous
godium sulfate, After removal of the sodium sulfate by filtration and
removal of all but 2-3 ml. of solvent, l-nitro-l,2-didesoxy-D-arabo-
hexitol tetrmacetate (0.65 g., 0.00179 @oI8, B3.9F%) ¢ryetalllzed as a white
§0lid, m.p. B2-BLT,.” One recrystaliization from absolute ether gave ounly

8 8lightly lower yield of highly pure product, m.p. 115-116°; 1it.19

m.p. 115-116°,
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